
73CANADIAN GERIATRICS JOURNAL, VOLUME 28, ISSUE 1, MARCH 2025

ABSTRACT 

Background
As individuals approach death, they experience declines in 
their cognitive, physical, motor, sensory, physiologic, and 
psychosocial functions. In this exploratory study we examined 
individuals’ physiologic changes in the last year of life by 
examining laboratory tests commonly used in clinical practice.

Methods
Using health administrative datasets, we conducted an obser-
vational matched cohort study to assess laboratory test use and 
values over a decedent’s last 12 months and a matched obser-
vation window for non-decedents. Laboratory tests included 
tests for electrolytes: potassium and sodium; complete blood 
count: hemoglobin and leukocytes; diabetes: hemoglobin 
A1c; and kidney or liver function: albumin-serum, alanine 
aminotransferase, and creatinine.

Results
We identified 376,463 decedents, 367,474 (97.6%) of whom 
were matched to non-decedents (similar age and sex). For each 
test, the proportion of non-decedents who received the test was 
stable over the 12-month observation period. A higher proportion 
of decedents had a laboratory test than non-decedents for all but 
the diabetes test. As decedents neared death, there was a gradual 
increase in test use until their final month of life, when test use 
dramatically increased. Across all laboratory tests, test values 
remained similar for non-decedents over the 12-month observa-
tion period. However, for decedents, there were differences in the 
magnitude and direction of the test values over the 12 months. 

Conclusion
Our findings indicate distinct changes in decedents’ laboratory 
test use and values over their last 12 months. Future work 

should explore whether laboratory tests could predict survival 
or improve the performance of mortality prediction models.

Key words: mortality, physiological decline, health ser-
vice use

INTRODUCTION 
As individuals approach death, they experience declines in 
their cognitive, physical, motor, sensory, physiologic, and 
psychosocial functions.(1-4) While these declines commonly 
occur in old and frail individuals years before death, greater 
declines occur in the last few months of life. For instance, 
physical symptoms of fatigue, musculoskeletal pain, dizziness 
or unsteadiness, and shortness of breath become increasingly 
common in the last five months before death.(5, 6) Similarly, 
an individual’s function declines in the last year of life, with 
steeper decline in the last three months.(7) While functional 
declines are well-described and used to predict mortality in 
older adults, a gap exists in understanding the physiologic 
changes associated with the dying process.(3,8-10) 

This exploratory study examined individuals’ physiologic 
changes in the last year of life by examining blood tests that 
are commonly used in clinical practice. We will examine 
laboratory test use and values over individuals’ last year of 
life and compare them to a matched non-decedent cohort. 
We aim to identify potential physiologic markers that may be 
associated with senescence. Based on previous studies that 
looked at health service use in the last year of life, we assume 
that decedents will use laboratory tests more than non-de-
cedents over the year. Additionally, we suspect that we will 
see important differences in laboratory values for decedents 
compared to non-decedents, but the direction and magnitude 
of these differences are not well-established.
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METHODS

Study Design and Datasets
We conducted a retrospective matched-cohort study in 
Ontario, Canada, using population-based routinely collected 
health administrative data. Ontario (Canada’s most popu-
lous province) has single-payer universal health insurance 
for its 14.5 million residents. We obtained data from eight 
individual-level databases (containing demographics, health 
outcomes, and health service use) linked using uniquely coded 
identifiers and analyzed at ICES. ICES is an independent, 
non-profit research institute whose legal status under Ontario’s 
health information privacy law allows it to collect and analyze 
health care and demographic data, without consent, for health 
system evaluation and improvement. The use of the data in 
this project is authorized under section 45 of Ontario’s Per-
sonal Health Information Protection Act (PHIPA) and does 
not require review by a Research Ethics Board.

For individual sociodemographics and health insurance 
eligibility we used the Registered Persons Database (RPDB) 
and Postal Code Conversation File+ (PCCF+). We used the 
following databases to capture an individuals’ health service 
use: the Ontario Laboratories Information System Database 
(OLIS) for test results from hospitals, community laboratories, 
and public health laboratories; National Ambulatory Care 
Reporting System (NACRS) for all emergency department 
(ED) visits; Discharge Abstract Database (DAD) for all acute 
care hospitalizations; OHIP Claims Database (OHIP) for all 
outpatient visits; and the Continuing Care Reporting System 
(CCRS) for all long-term care (LTC) residents. 

Study Participants
We included all individuals (18 years or older) who died in 
Ontario, Canada, between January 1, 2015, and December 31, 
2018. To match decedents to non-decedents, we used nearest 
neighbour matching of decedents to non-decedents based on 
birth date (±180 days) and sex. We selected a 1:1 matching 
ratio, as there were few eligible matches for older participants. 
Once a non-decedent was successfully matched, the matched 
decedent and non-decedent were assigned an index date of one 
year before the decedent’s death date. We excluded decedents 
and non-decedents who were younger than 17 or older than 
105 on the index or ineligible for the province’s single-payer 
universal health insurance, the Ontario Health Insurance Plan 
(OHIP), two years before and one year following the index. 
We excluded individuals who had missing sex or age from 
the study. The cohort creation diagram is in the Appendix A.

Laboratory Measures
We used the OLIS database to capture laboratory tests, which 
contains all test results from hospitals, community laborator-
ies, and public health laboratories. As this was an exploratory 
study, we assessed eight of the twenty tests that were found to 
be most frequently used in the last year of life based on pre-
liminary analyses of our cohort of decedents. We prioritized 
these eight tests in consultation with physicians on the research 

team (DM, PT) based on the expected relevancy of the tests in 
measuring physiologic changes at the end of life. The selected 
laboratory tests were electrolyte tests: potassium and sodium; 
complete blood count tests: hemoglobin and leukocytes; dia-
betes tests: hemoglobin A1c (HbA1c); and tests for kidney or 
liver function tests: albumin-serum, alanine aminotransferase 
(ALT), and creatinine. A further description of each lab test’s 
applicable codes and reasons are in Appendix B.

Baseline Variables
For each individual, we analyzed their sociodemographics 
(age, sex, income quintile, rurality), health service use (visits 
to the emergency department and hospital, long-term care resi-
dent), and health conditions (disease and comorbidity burden). 

Statistical Analysis
We present descriptive characteristics of decedents and non-de-
cedents. Individuals with missing sex or age were excluded 
from the study, but all other missing data was reported in the 
descriptive analysis (Table 1) but was excluded from other 
analyses. Individuals’ characteristics reflect those recorded on 
the index date (one year before death or matched index date 
for non-decedents) and the calculated standardized differences 
between decedents and non-decedents, with a standardized 
difference equal or greater than 0.1 indicating minimally 
clinical relevant differences.(11) To evaluate differences in 
laboratory test use, we measured the proportion of decedents 
and non-decedents with each laboratory test (0 vs. 1+) every 
month between the index and death date (12-month obser-
vation window). The denominator remained consistent—all 
matched decedents or non-decedents were included in the 
cohort. For differences in laboratory test values, we graph-
ically presented summary statistics for the laboratory test 
values in decedents and non-decedents every month within 
the 12-month observation window. Finally, we ran a linear 
regression of the laboratory test values for only individuals who 
had a laboratory test at any point in the 12-month observation 
window; covariates included month, decedent status, and the 
interaction between the month and decedent status. Using the 
regression model parameter estimates, we computed the mean 
difference in laboratory values for 6 vs. 12, 3 vs. 12, and 1 vs. 
12 months before death for decedents and non-decedents. All 
statistical analyses were completed using in SAS Enterprise 
Guide version 7.1 (SAS Institute Inc., Cary, NC, USA). Data 
were analyzed between June 2022 and June 2023. 

RESULTS
Cohort
We identified 376,463 decedents, 367,474 (97.6%) of whom 
were matched to non-decedents. Matched non-decedents 
were the same age as matched decedents (mean age [SD]: 
75.6 [14.4] vs. 75.4 [14.6]) and had the same sex distribu-
tion (female n [%] 181,342 [49.3%] vs. 185,356 [49.2%]). A 
total of 18,989 (4.6%) of decedents were not matched to a 
non-decedent. The unmatched decedents tended to be older 



ROBERTS: THE LAST YEAR OF LIFE REFLECTED IN LAB TESTS

75CANADIAN GERIATRICS JOURNAL, VOLUME 28, ISSUE 1, MARCH 2025

TABLE 1.  
Characteristics of decedents and matched non-decedents on index date

Decedents 
n (%)

Matched Non-Decedents 
n (%)

Standardized  
Difference

376,463 367,474  

Demographics      

Age      
Mean (SD) 75.4 (14.6) 75.6 (14.4) 0.02

Sex      
Female 185,356 (49.2%) 181,342 (49.3%) 0.00
Male 191,107 (50.8%) 186,132 (50.7%) 0.00

Income Quintile      
1 (Lowest) 99,351 (26.4%) 77,164 (21.0%) 0.13
2 84,000 (22.3%) 78,536 (21.4%) 0.02
3 71,225 (18.9%) 71,976 (19.6%) 0.02
4 62,223 (16.5%) 67,343 (18.3%) 0.04
5 (Highest) 57,867 (15.4%) 71,339 (19.4%) 0.11
Missing      

Rurality      
Urban 323,350 (85.9%) 323,861 (88.1%) 0.07
Rurality 51,462 (13.7%) 42,600 (11.6%) 0.06
Unknown 1,651 (0.4%) 1,013 (0.3%) 0.03

Health-Care Service Use Within 12 Months

LTC Resident      
Yes 85,863 (22.8%) 19,764 (5.4%) 0.52
No 290,600 (77.2%) 347,710 (94.6%) 0.52

ED Visit      
At least one visit in the 12 months 315,119 (83.7%) 111,532 (30.4%) 1.28 
Mean (SD) 2.1 (3.0) 0.6 (1.3) 0.92

Hospitalized      
At least one visit in the 12 months 274,517 (72.9%) 42,586 (11.6%) 1.58
Mean (SD) 1.48 (1.5) 0.15 (0.5) 1.18

Health Conditions

Chronic Conditions 
Acute myocardial infarction (AMI) 6,450 (1.7%) 2,913 (0.8%) 0.08
Cancer 120,728 (32.1%) 90,310 (24.6%) 0.17
CHF 58,589 (15.6%) 18,698 (5.1%) 0.35
Chronic Obstructive Pulmonary Disease (COPD) 50,530 (13.4%) 15,241 (4.1%) 0.33
Coronary artery disease (CAD) 51,525 (13.7%) 40,953 (11.1%) 0.08
Dementia 48,516 (12.9%) 17,374 (4.7%) 0.29
Diabetes 110,745 (29.4%) 76,414 (20.8%) 0.20
Osteoarthritis 91,048 (24.2%) 102,306 (27.8%) 0.08
Osteoporosis 11,021 (2.9%) 16,185 (4.4%) 0.08
Renal disease 47,875 (12.7%) 17,487(4.8%) 0.29
Rheumatoid arthritis 6,634 (1.8%) 4,301 (1.2%) 0.05
Stroke 16,065 (4.3%) 7,207 (2.0%) 0.13

Comorbid Disease Burden      
0 to 1 123,471 (32.8%) 169,612 (46.2%) 0.28
2 to 3 153,676 (40.8%) 147,175 (40.1%) 0.04
4 to 6 87,551 (23.3%) 48,053 (13.1%) 0.02
7 to 9 11,370 (3.0%) 2,581 (0.7%) 0.27
10+ 395 (0.1%) 53 (0.0%) 0.17
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(mean age 95.9 vs. 75.4) and more likely to be residing in 
long-term care (LTC) (22.8% vs. 5.4%) at their index date 
than the matched decedents. Unmatched decedents were 
slightly more likely to have chronic heart failure and chronic 
obstructive pulmonary disease than matched decedents. Char-
acteristics of matched and unmatched decedents are described 
in Appendix C.

Use of Laboratory Tests
Figure 1 shows the proportion of individuals with each lab-
oratory test in the 12-month observation window (last year 
of life for decedents and matched period for non-decedents). 
Each test, except HbA1c, shows similar trends in their use over 
the 12-month observation window. In each of the 12-month 
observation windows, a higher proportion of decedents had 
a laboratory test than non-decedents. As decedents neared 
death, there was a gradual increase in test use until their 
final month of life, when test use dramatically increased. 

In the last month before death, test use by decedents was 
very high, with approximately a third (~38%) of decedents 
having had an albumin or ALT test, and half (~55%) having 
had all other tests except HbA1c (~10%). In contrast, there 
was minimal change in non-decedents laboratory test use in 
the 12-month observation period—sodium (range: 10–11%), 
potassium (10–11%), HbA1c (7%), hemoglobin (11–13%), 
leukocytes (12%), creatinine (12–14%), albumin (3–4%), 
and ALT (7–8%).

Trends of Laboratory Test Values
Across all laboratory tests, test values remained similar over 
the 12-month observation period for non-decedents (Figures 2 
& 3, Appendix D Figures D1–D6). However, for decedents, 
we found differences in the magnitude and direction of the 
laboratory test values over time (Figures 2 & 3, Appendix D 
Figures D1–D6). For two tests: leukocytes, and ALT, deced-
ent test values (mean, median, IQR) started increasing four 
months before death, with the largest change in values a month 
before death (Figure 3, Appendix D Figure D5). The values for 
creatinine remained stable until a month before death, when 
test values dramatically increased (Appendix D Figure D1). 
For serum albumin and hemoglobin, there was a continuous 
and gradual decrease in test values for decedents during all 
12 months before death (Figure 2, Appendix D Figure D3). 
In contrast, decedents’ test values for Hb1Ac, potassium, and 
sodium did not change or had minimal changes as an individ-
ual approached death (Appendix D Figures D2, D4, & D6). 

The regression results indicated that for non-decedents, 
there were minimal changes in lab test values at 6 vs. 12, 3 vs. 
12, and 1 vs. 12 months; the largest difference was for hemo-
globin months 1 vs. 12 of -1.65 g/dL [95% CI -1.88, -1.42] 
(Table 2). In contrast, there were large differences in mean 
values for decedents in most laboratory tests (except HbA1C 
and potassium) (Table 2). For the majority of laboratory tests, 
the largest difference in mean laboratory tests were between 
month 12 (one year from death) and month 1 (last month of 
life) (Table 2); the largest difference was 94.89 U/L [95% CI 
93.10, 96.69] for alanine aminotransferase.

DISCUSSION

To our knowledge, our study is largest to evaluate changes in 
laboratory test use and values over decedents’ last year of life 
compared to non-decedents. As decedents approached death, 
they had an increased use of laboratory tests and changes in 
their laboratory test values. Our findings indicate distinct 
changes in decedents’ health and health-care use over their 
last 12 months.

High use of laboratory tests in decedents is consistent 
with the literature on health-care use in the last year of life. 
Multiple studies have found that decedents use more primary, 
emergency, hospital, and intensive care in their last year of 
life.(7,12-14) However, fewer studies have evaluated the use of 
laboratory tests. While the use of laboratory tests will reflect 
provider, patient, and system-level characteristics, several 

FIGURE 1. Proportion of individuals with at least one of 
each laboratory test over the twelve months before death 
in decedents (blue, denominator = N=376,463) and non-
decedents (green, denominator = N=367,474)
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FIGURE 2. Serum albumin laboratory values over the last year of life for decedents (blue) and matched non-decedents 
(green); months are numbered by distance from death (e.g., 11 months from death); box plots show the median value (mid-
line), interquartile range, and lower and upper bounds (truncated whiskers of 1.5 × interquartile range) representing the 
decedent status each month; diamonds represent the mean value; outliers (including minimum and maximum values) are 
excluded from the graph so differences in summary statistics can be seen

studies have found a high use of laboratory tests during an 
individual’s last year of life. Tanuseputro et al. found that 
79.1% of Ontario’s decedents had at least one laboratory test, 
of any type, done through their final year of life.(13) Similarly, 
Kim et al. found high use of laboratory tests in the last week 
of life for South Korean decedents, with 63% of decedents 
having at least one laboratory or imaging test, and a mean of 
15.6 laboratory tests per person.(15) 

The high use of laboratory tests in decedents’ final year 
of life may be partly due to challenges in identifying when 
an individual is nearing death and when to shift towards 

comfort-focused care.(16) Predicting mortality is challenging 
for health-care providers, particularly in individuals dying of 
non-cancer causes.(17,18) Individuals with frailty typically have 
impaired baseline function and experience a slow, gradual 
decline over many years.(7) Individuals with organ failure 
typically experience gradual decline with intermittent, often 
severe, exacerbations.(7) These patterns of functional decline 
make it difficult to predict their proximity to death. The 
Surprise Question (“Would I be surprised if this patient died 
in the next 12 months?”), a commonly used tool to predict 
an individual with a high risk of death, performs modestly 
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in cancer patients and poorly in noncancer patients.(17,18) As 
it is difficult to know how close an individual is to the end-
of-life, providers or families may view declines or symptom 
exacerbations near death as reversible and pursue exploratory 
and diagnostic testing, including laboratory tests. We sus-
pect this may partly contribute to why a high proportion of 
decedents had each laboratory test we investigated in the final 
year of life, except for HbA1c—a test only used for standard 
diabetes care and screening. Future research could evaluate 
the clinical benefits of having these tests for individuals who 
are approaching death. 

Population-level laboratory testing data may be a resource 
to improve mortality prognosis and support the delivery of 
end-of-life and palliative care. Research teams have developed 
mortality prediction models that are intended to identify if 
an individual is nearing death. These mortality prediction 
models can help individuals, families, and health-care pro-
viders understand an individual’s decline and plan their care 
accordingly. In mortality prediction models developed for 

hospitalized patients, laboratory tests (combined into a com-
posite measure) are often used as predictors, and their use 
has been shown to improve model performance compared 
to models that do not use laboratory tests.(19-23) However, 
the use of these existing prediction models is dependent 
on an individual experiencing a serious event that requires 
hospitalization. These existing models cannot be used in the 
community as the models are dependent on some laboratory 
tests that are rarely done in outpatient settings. Therefore, the 
benefits of these models are not realized for all individuals 
(a quarter of decedents in this study were not hospitalized 
in their last year of life). Additionally, the benefits of these 
hospitalization-based models may only be realized later than 
desired. Palliative care needs can be identified and addressed 
before acute care and, in some cases, could minimize the need 
for acute care. Given the high use of laboratory tests within 
the last year of life and distinct changes in laboratory test 
values, prediction models developed for the outpatient setting 
may also benefit from adding laboratory tests as predictors. 

FIGURE 3. Leukocytes laboratory values over the last year of life for decedents (blue) and matched non-decedents (green). 
Months are numbered by distance from death (e.g., 11 months from death). Box plots show the median value (mid-line), 
interquartile range, and lower and upper bounds (truncated whiskers of 1.5 × interquartile range) representing the decedent 
status each month. Diamonds represent the mean value. Outliers (including minimum and maximum values) are excluded 
from the graph so differences in summary statistics can be seen.
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Strengths and Limitations
A study strength is that we used administrative data from a 
universal health-care system to conduct a matched cohort 
design, which allowed us to capture laboratory tests in a 
large and heterogeneous population. Another strength is that 
we evaluated changes in laboratory test use and values over 
the last year of life, whereas other studies only measured test 
use at a single point in time (e.g., in the last week of life).(15) 
However, our study does have some limitations. First, we 
did not identify laboratory tests based on illness trajectories 
(e.g., organ failure, cancer, frailty), which may have distinct 
patterns in laboratory test use and values. Second, we did 
not distinguish between tests performed during an acute care 
visit and tests conducted outside of acute care. In acute care, 
some tests are performed more frequently (impacting test 
use), and individuals may be experiencing more severe illness 
acuity (impacting test values). However, by not limiting the 
study to acute care, the study captures a comprehensive view 
of laboratory tests during a 12-month observation window 
including tests performed before, during, and after an acute 
care visit, and for individuals who did not have an acute care 
visit. The third limitation is that the study is descriptive; 
therefore, we cannot make any conclusions of associations 
between laboratory tests and death.

CONCLUSION

Our findings indicate distinct changes in decedents’ laboratory 
test use and values over their last 12 months of life. Future 
work should explore whether laboratory tests can be used to 
predict survival, and whether laboratory tests may improve 
the performance of prediction models for non-hospitalized 
and hospitalized individuals. 
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TABLE 2. 
Regression outputs for laboratory test values in decedents and non-decedents, and number of unique decedents and  
non-decedents who had the applicable laboratory test done (at least once) during the 12-month observation period

Decedents Decedents Decedents Decedents Non-Decedent Non-Decedent Non-Decedent Non-Decedent

N 6 vs. 12 3 vs. 12 1 vs. 12 N 6 vs. 12 3 vs. 12 1 vs. 12

Tests Difference 
in means
(95% CI)

Difference 
in means
(95% CI)

Difference 
in means
(95% CI)

Difference 
in means
(95% CI)

Difference 
in means
(95% CI)

Difference 
in means
(95% CI)

Alanine 
aminotransferase 
(ALT)

279,371 2.66
(0.50, 4.82)

9.64
(7.62, 11.66)

94.89
(93.10, 96.69)

197,053 -0.20
(-3.93, 3.53)

-0.74
(-4.47, 2.99)

-0.29
(-3.97, 3.40)

Creatinine 331,969 -2.20
(-2.90, -1.50)

-2.12
(-2.77, -1.47)

17.82
(17.24, 18.40)

257,594 -0.02
(-1.34, 1.30)

0.88
(-0.43, 2.19)

0.87
(-0.42, 2.16)

Hemoglobin 328,209 -3.97
(-4.09, -3.85)

-7.40
(-7.51, -7.29)

-10.05
(-10.14, -9.95)

249,473 -0.88
(-1.11, -0.64)

-1.47
(-1.70, -1.24)

-1.65
(-1.88, -1.42)

Hemoglobin A1C 
(HbA1C)

195,940 -0.03
(-0.05, -0.01)

-0.08
(-0.10,      
-0.06)

-0.09
(-0.11, -0.07)

186,408 0.00
(-0.02, 0.02)

-0.01
(-0.03, 0.02)

-0.00
(-0.03, 0.02)

Leukocytes 326,779 0.40
(0.32, 0.46)

1.23
(1.17, 1.30)

4.54
(4.48, 4.59)

249,169 -0.14
(-0.27, -0.01)

-0.01
(-0.14, 0.12)

-0.06
(-0.19, 0.07)

Potassium 299,049 -0.04
(-0.04, -0.04)

-0.09
(-0.09, -0.08)

-0.06
(-0.07, -0.06)

117,196 -0.01
(-0.02, 0.00)

-0.00
(-0.01, 0.01)

-0.01
(-0.01, 0.00)

Serum Albumin 251,354 -1.65
(-1.72, -1.60)

-3.94
(-4.00, -3.88)

-7.70
(-7.75, -7.65)

88,808 -0.44
(-0.58, -0.29)

-0.44
(-0.59, -0.29)

-0.55
(-0.69, -0.40)

Sodium 322,099 -3.80
(-0.41, -.35)

-0.82
(-0.85, -0.79)

-0.03
(-0.06, -0.01)

222,093 0.07
(0.01, 0.14)

-0.05
(-0.11, 0.02)

0.14
(0.08, 0.20)
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APPENDIX A. Cohort creation
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APPENDIX B. Brief description of laboratory tests used in the study

Test LIONC Codes Normal Range Description

Alanine 
aminotransferase 
(SGTP_ALT)

1742-6, 1743-4, 
1744-2

4 to 36 U/L Reason: Liver Disease
Abnormal test results: higher than normal results could be 
due to liver injury/disease including liver scarring, death 
of liver tissue, swollen or inflamed liver, liver tumor or 
cancer; too much iron or fat in the body; or a swollen or 
inflamed pancreas.

Albumin-serum 1751-7 34 to 54 g/L Reason: Liver or Kidney Disease
Abnormal test results: lower than normal test results could 
be due to: kidney disease, liver disease (hepatitis, cirrhosis).

Creatinine 14682-9 Male: 61.9 to 114.9 μ/L
Female: 53 to 97.2 μ/L

Reason: Kidney Function
Abnormal test results: higher than normal results higher 
could be due to kidney problems like damage, failure, 
infection or reduced blood flow; dehydration; or breakdown 
of muscles.

Hemoglobin 20509-6, 718-7 Male: 138 to 172 g/L
Female: 121 to 151 g/L

Reason: Complete Blood Count
Abnormal test results: lower than normal test results 
could be due to anemia, chronic kidney disease, infection, 
or malnutrition.

Hemoglobin A1c 
(HbA1c) 

17855-8, 17856-6, 
41995-2, 4548-4,

71875-9

Normal (no diabetes): < 5.7%
Pre-diabetes: 5.7 to 6.4%

Diabetes: >6.5% 

Reason: Diabetes Management
Abnormal test results: diabetes.

Leukocytes 26464-8, 6690-2, 
804-5

4.5 to 11.0 × 109 /L Reason: Complete Blood Count
Abnormal test results: higher than normal test results could 
be due to infections, inflammatory disease (e.g., rheumatoid 
arthritis), certain drugs or medicine.

Potassium 2823-3, 39789-3, 
6298-4

3.7 to 5.2 mmol/L Reason: Basic or Comprehensive Metabolic Panel
Abnormal test results: higher than normal test results could 
be due to kidney failure, medications, and metabolic or 
respiratory acidosis. Lower than normal results can be due to 
medications (diuretics).

Sodium 2951-2 135 to 145 mEq/L Reason: Electrolyte or Basic Metabolic Panel
Abnormal test results: lower than normal test results could 
be due to increase fluid loss, medications (e.g., SSRIs), 
build up of water from fat breakdown, increase in water 
from heart failure, kidney disease, or cirrhosis of the liver.
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APPENDIX C. Characteristics of matched and non-match decedents 

Unmatched Decedents 
n (%)

Matched Decedents 
n (%)

Standardized 
Difference

N=18,189 N=376,463  

Demographics      

Age      
Mean (SD) 95.92 (3.3) 75.40 (14.6) 1.94
Sex      

Female 10,663 (58.6%) 185,356 (49.2%) 0.19
Male 7,513 (41.3%) 191,107 (50.8%) 0.19

Income Quintile      
1 (Lowest) 4,785 (26.3%) 99,351 (26.4%) 0.00
2 3,972 (21.8%) 84,000 (22.3%) 0.01
3 3,442 (18.9%) 71,225 (18.9%) 0.00
4 2,978 (16.4%) 62,223 (16.5%) 0.00
5 (Highest) 2,873 (15.8%) 57,867 (15.4%) 0.01
Missing 139 (0.8%) 1,797 (0.5%) 0.04

Rurality      
Urban 15,986 (87.9%) 323,350 (85.9%) 0.06
Rurality 2,070 (11.4%) 51,462 (13.7%) 0.07
Unknown 133 (0.7%) 1,651 (0.4%) 0.04

Health-care Service Use Within 12 Months      

LTC Resident      
Yes 85,863 (22.8%) 19,764 (5.4%) 0.52
No 290,600 (77.2%) 347,710 (94.6%)

Ed Visit      
At least one visit in the 12 months 12,968 (71.3%) 320,574 (85.2%) 0.34
No visits in the 12 months 5,221 (28.7%) 55,889 (14.8%)
Mean (SD) 2.51 (8.6) 7.09 (18.2) 0.32

Hospitalized      
At least one visit in the 12 months 10,496 (57.7%) 274,000 (72.8%) 0.32
No visits in the 12 months 7,693 (42.3%) 102,463 (27.2%)
Mean (SD) 0.97 (1.6) 1.47 (1.5) 0.37

Health Conditions      

Chronic Conditions      
Acute myocardial infarction (AMI) 6,450 (1.7%) 2,913 (0.8%) 0.08
Cancer 120,728 (32.1%) 90,310 (24.6%) 0.17
CHF 58,589 (15.6%) 18,698 (5.1%) 0.35
Chronic Obstructive Pulmonary Disease (COPD) 50,530 (13.4%) 15,241 (4.1%) 0.33
Coronary artery disease (CAD) 51,525 (13.7%) 40,953 (11.1%) 0.08
Dementia 48,516 (12.9%) 17,374 (4.7%) 0.29
Diabetes 110,745 (29.4%) 76,414 (20.8%) 0.20
Osteoarthritis 91,048 (24.2%) 102,306 (27.8%) 0.08
Osteoporosis 11,021 (2.9%) 16,185 (4.4%) 0.08
Renal disease 47,875 (12.7%) 17,487 (4.8%) 0.29
Rheumatoid arthritis 6,634 (1.8%) 4,301 (1.2%) 0.05
Stroke 16,065 (4.3%) 7,207 (2.0%) 0.13

Comorbid Disease Burden      
0 to 1 123,471 (32.8%) 169,612 (46.2%) 0.28
2 to 3 153,676 (40.8%) 147,175 (40.1%) 0.04
4 to 6 87,551 (23.3%) 48,053 (13.1%) 0.02
7 to 9 11,370 (3.0%) 2,581 (0.7%) 0.27
10+ 395 (0.1%) 53 (0.0%) 0.17
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APPENDIX D. Test value visualizations: For each figure, months are numbered by distance from 
death (e.g., 11 months from death); box plots show the median value (mid-line), interquartile range, 
and lower and upper bounds (truncated whiskers of 1.5 × interquartile range) representing the 
decedent status each month; diamonds represent the mean value; outliers (including minimum and 
maximum values) are excluded from the graph so differences in summary statistics can be seen

FIGURE D2. Hb1Ac laboratory values over the last year of life for decedents (blue) 
and matched non-decedents (green)  

FIGURE D1. Creatinine laboratory test values over the last year of life for decedents (blue) and 
matched non-decedents (green)
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FIGURE D4. Potassium laboratory test values over the last year of life for decedents (blue) and 
matched non-decedents (green)

FIGURE D3. Hemoglobin laboratory test values over the last year of life for decedents (blue) 
and matched non-decedents (green)
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FIGURE D6. Sodium laboratory test values over the last year of life for decedents (blue) and 
matched non-decedents (green)

FIGURE D5. ALT laboratory test values over the last year of life for decedents (blue) and 
matched non-decedents (green) 


