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Preoperative Serum Albumin Levels Predict
Treatment Cost in Total Hip and Knee Arthroplasty
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Background: Hypoalbuminemia (serum albumin < 3.5 g/dL) is associated with increased morbidity and mortality in patients un-
dergoing total hip arthroplasty (THA) and total knee arthroplasty (TKA). However, costs associated with hypoalbuminemia remain
unknown. This study investigated the effect of serum albumin on direct treatment costs, length of stay (LOS), and readmissions for
primary and revision THA and TKA patients.

Methods: All adult patients at a single institution undergoing primary or revision THA or TKA between January 2014 and Decem-
ber 2016 were retrospectively reviewed. Patients were stratified by preoperative serum albumin level. The primary outcome was
total direct costs at index hospitalization. Secondary outcomes included LOS and readmission within 30 days. Multivariable regres-
sions were utilized to adjust for demographics and comorbidities.

Results: Of 3,785 patients, 114 (3.0%) had hypoalbuminemia. After adjustment, hypoalbuminemia was associated with a 16.2%
increase in costs (B = 0.162; 95% confidence interval [CI], 0.112 to 0.213; p < 0.001), representing an average cost increase of
$3,383 (95% Cl, $2,281 to $4,485) relative to costs for serum albumin > 4.5 g/dL. The increased total costs were significantly high-
er in revision ($4,322, p = 0.034) than in primary ($3,446, p < 0.001) procedures. In adjusted regression, each 1.0 g/dL increase in
serum albumin yielded a 6.6% reduction in costs (f = —0.066; 95% Cl, —0.090 to —0.042]; p < 0.001), for average savings of $1,282
(95% Cl, $759 to $1,806) per unit albumin. Adjusted regressions demonstrated that a 1-point increase in serum albumin reduced
readmissions by 53% (odds ratio, 0.47; 95% Cl, 0.31-0.73; p = 0.001) and LOS by 0.6 days (p = —0.60; 95% CI, —0.76 to —0.44; p <
0.001).

Conclusions: Hypoalbuminemia is associated with increased total direct costs, LOS, and readmissions following primary and revi-
sion THA and TKA. Future efforts to predict and address total costs should take into consideration the patient's preoperative serum
albumin levels.
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Increasing demand and rising expenditure for total hip ar-
throplasty (THA) and total knee arthroplasty (TKA) have
intensified efforts to identify preoperative risk factors and
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optimize patient outcomes."” Malnutrition has emerged
as one such preoperative risk factor for increased morbid-
ity and mortality following joint arthroplasty.>” Although
multiple surrogates for malnutrition have been proposed,
including body mass index (BMI), serum transferrin, and
direct body measurements, serum albumin concentration
(normal range, 3.5 to 5.0 g/dL) has emerged as the leading
marker for malnutrition.*”

Hypoalbuminemia, defined as serum albumin < 3.5
g/dL, has been documented in the population undergo-
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ing joint arthroplasty, with prevalence up to 6.1%.*” Pa-
tients with hypoalbuminemia undergoing THA and TKA
experience more postoperative complications, including
surgical site infections, sepsis, pneumonia, postoperative
ventilator use > 48 hours, and unplanned intubations.”""
Bohl et al.” also found that joint arthroplasty patients with
hypoalbuminemia faced a small (relative ratio, 0.20 days)
but significantly extended length of stay (LOS) and a 40%
increase in the rate of readmission. Most critically, hypoal-
buminemia has been associated with a nearly six-fold in-
crease in mortality following THA and TKA.™"" The con-
sequences of low serum albumin have sparked initiatives
for preoperative correction of malnutrition, with several
studies suggesting that perioperative complications may be
reduced with nutrition regimens.*'*"”

Despite the significant association of serum albumin
levels with morbidity and mortality, research has not yet
characterized the role of serum albumin levels in predict-
ing costs for THA or TKA. New mechanisms to predict
and reduce costs have become increasingly important. In
response to an increasing proportion of Medicare hospital
payments for joint arthroplasties, bundled payment mod-
els were implemented to hold hospitals accountable for
outcomes and expenditures.” Mean episode-of-care pay-
ments can vary widely across total joint arthroplasty (TJA)
procedures and largely depend upon patient comorbidi-
ties."” Since the profit margin for institutions performing
THAs and TKAs can be as low as 4.3%, every opportunity
to optimize care and reduce costs can improve the eco-
nomic feasibility of operating within a bundled payment
system."”

The purpose of this study was to investigate the ef-
fect of serum albumin levels on direct treatment cost for
patients undergoing primary or revision THA and TKA.
We also intended to characterize the role of serum albu-

Single institution in 2014-2016
4,763 Primary and revision TKAs and THAs

min levels in predicting LOS and readmissions within 30
days. We hypothesized that lower serum albumin levels
would be correlated with higher treatment costs in both
primary and revision procedures given the association of
hypoalbuminemia with perioperative complications.

METHODS

This was a retrospective study of all adult patients under-
going primary or revision THA or TKA at a single high-
volume tertiary joint center with four surgeons (CLI, CLN,
GCL, and ELH) between January 2014 and December
2016. Patients with missing data on preoperative serum
albumin level, cost, BMI, or hemoglobin (Hb) level were
excluded (Fig. 1). Also excluded were patients undergo-
ing outpatient procedures or those who were extreme cost
outliers (> $150,000). This study was approved as Protocol
814466 by the University of Pennsylvania Institutional Re-
view Board prior to initiation.

Primary stratification was based on preoperative
serum albumin level, with patients categorized into four
groups: < 3.5 g/dL, 3.5 to < 4.0 g/dL, 4.0 to < 4.5 g/dL, and
> 4.5 g/dL. Secondary stratification was by type of pro-
cedure: primary TKA, revision TKA, primary THA, and
revision THA. The primary outcome was total direct costs
reported by the institution. Secondary outcomes included
LOS at index hospitalization as well as readmission within
30 days. Demographics and comorbidities, including age,
BMI, Hb, and glomerular filtration rate (GFR), were ana-
lyzed for differences between serum albumin cohorts.

Continuous variables were compared using the
Kruskal-Wallis test, and categorical variables were com-
pared using chi-square analysis. Total direct costs were an-
alyzed as both absolute dollars and percentage change via
the natural log of the cost (In(cost)). Multivariable linear

845 Patients without albumin data

98 Without cost, BMI, or Hb
5 Non-arthroplasties

28 Outpatient procedures
2 Extreme costs

Excluded N
4
3,918 Entries
Excluded R
v
3,785 Entries
2,542 TKAs 1,243 THAs
(67.2%) (32.8%)

Fig. 1. Patient selection criteria. Of 4,763
initial patients, 3,785 (79.5%) met selection
criteria. TKA: total knee arthroplasty, THA:
total hip arthroplasty, BMI: body mass
index, Hb: hemoglobin.
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regressions were used to analyze continuous data (cost and
LOS), while multivariable logistic regressions were utilized
for binomial data (readmissions). Multivariable models
were adjusted for serum albumin, age, BMI, Hb, GFR > 45
mL/min, and procedure type. In all comparisons, p < 0.05
was considered statistically significant. All statistical analy-
ses were performed using STATA ver. 14.2 (StataCorp.,
College Station, TX, USA).

RESULTS

Demographics and Comorbidities

Of 4,763 initial patients, 3,785 (79.5%) met inclusion cri-
teria (Fig. 1). As presented in Table 1, there were 114 pa-
tients (3.0%) with hypoalbuminemia. Another 707 (18.7%)
patients had serum albumin 3.5 to < 4.0 g/dL, while 2,043
patients (54.0%) were between 4.0 and 4.5 g/dL and 921

Table 1. Demographic Data by Albumin Class

Preoperative serum albumin

Variable p-value
<3.5g/dL 3.5-4.0 g/dL 4.0-4.5 g/dL >4.5 g/dL
No. of patients 114 (3.0) 707 (18.7) 2,043 (54.0) 921 (24.3)
Age (yr) 625+ 124 63.9+11.2 62.9+10.5 60.1+10.9 <0.001*
Hemoglobin (g/dL) 11317 123+15 13214 13814 <0.001*
BMI (kg/m’) 33.9+£85 348+85 33.1£7.6 315+6.6 <0.001*
Cirrhosis 19(17.3) 16 (2.3) 12(0.6) 5(0.6) <0.001%
Type of procedure
Primary 83(72.8) 582 (82.3) 1,826 (89.4) 841(91.3) <0.001*
Revision 31(27.2) 125(17.7) 217 (10.6) 80(8.7) <0.001*
Joint
Hip 36 (31.6) 213(30.1) 671(32.8) 323(35.1) 0.211
Knee 78 (68.4) 494 (70.0) 1,372 (67.2) 598 (64.9) 021
Procedure type
Primary TKA 57 (50.0) 417 (59.0) 1,222 (59.8) 545 (59.2) 0.228
Revision TKA 21(18.4) 77(10.9) 150 (7.3) 53 (5.8) <0.001*
Primary THA 26(22.8) 165(23.3) 604 (29.6) 296 (32.1) <0.001*
Revision THA 10(8.8) 48 (6.8) 67(3.3) 27(2.9) <0.001*
LOS (day) 44+29 35+24 30+15 28+12 <0.001*
Primary 41+25 34+25 30+14 28+12 <0.001*
Revision 53+36 4117 3622 30+15 <0.001*
Total cost ($) 20,138 + 10,322 16,045 + 6,950 14,395 + 5,784 13,968 £ 5,611 <0.001*
Primary 17,790 + 9,402 14,072 £ 4,737 13,473 £5,784 13,482 + 5,040 <0.001*
Revision 26,426 + 10,178 25,228 + 8,163 22,153+ 9,570 19,080 + 8,224 <0.001*
Total readmission 9(7.9) 53(7.5) 79(3.9) 22 (2.4) <0.001*
Primary 7(8.4) 39(6.7) 66 (3.6) 20(2.4) <0.001*
Revision 2(6.4) 14(11.2) 13(6.0) 2(2.5) <0.001*

Values are presented as number (%) or mean + standard deviation.

BMI: body mass index, TKA: total knee arthroplasty, THA: total hip arthroplasty, LOS: length of stay.

*Statistical significance.
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patients (24.3%) had serum albumin > 4.5 g/dL. Patients
with hypoalbuminemia tended to be older than patients
with serum albumin > 4.5 g/dL (62.5 vs. 60.1 years, p <
0.001) and have higher rates of cirrhosis (17.3% vs. 0.6%, p
< 0.001). Hb levels significantly decreased as serum album
decreased (p < 0.001). Patients with hypoalbuminemia
tended to undergo more revision procedures (27.2% vs.
8.7%, p < 0.001) but were not significantly different in the
proportion of hip procedures relative to knee procedures
(31.6% vs. 35.1%, p = 0.211) than those with serum albu-
min > 4.5 g/dL. Primary TKA constituted the majority of
procedures across all serum albumin levels, at 50.0% for
those with hypoalbuminemia, followed by primary THA
(22.8%) and revision TKA (18.4%).

Patients with hypoalbuminemia tended to have
longer lengths of stay than those with the highest serum
albumin levels (4.4 vs. 2.8 days, p < 0.001), a trend that
persisted for both primary procedures (4.1 vs. 2.8 days, p <
0.001) as well as revision procedures (5.3 vs. 3.0 days, p <
0.001). Patients with hypoalbuminemia also had higher to-
tal costs, which trended downward as serum albumin lev-
els increased to > 4.5 g/dL ($20,138 vs. $13,968, p < 0.001).
This trend of decreasing costs with increasing serum
albumin persisted across both primary and revision proce-
dures (p < 0.001). Finally, readmission within 30 days was
highest in patients with hypoalbuminemia and lowest in
those with serum albumin > 4.5 g/dL (7.9% vs. 2.4%, p <
0.001). This trend persisted for both primary and revision
procedures.

* I Primary THA
1 Primary TKA

20,000
15,000 -

10,000 A

Total direct cost ($)

5,000 -

<35 3.5-4.0 4.0-4.5

Serum albumin (g/dL)

>45

Cost Analysis
Unadjusted costs by serum albumin level and procedure
type (primary vs. revision) are presented in Fig. 2. Hypo-
albuminemia was associated with significantly increased
costs for both primary THA ($17,735 vs. $14,031, p <
0.001) and primary TKA ($17,815 vs. $13,184, p < 0.001)
relative to those with serum albumin > 4.5 g/dL. This
trend was also observed for revision procedures, as pa-
tients with hypoalbuminemia had significantly higher
costs for revision THA ($32,275 vs. $19,818, p < 0.001)
and revision TKA ($23,640 vs. $18,704, p < 0.001). A se-
rum albumin level of 3.5-4.0 g/dL was also associated with
significantly higher costs relative to serum albumin > 4.5
g/dL for both primary and revision THA procedures, as
well as for revision TKA procedures.

Multivariable regressions on cost are reported in
Table 2. In the unadjusted analysis, each 1.0 g/dL increase
in preoperative serum albumin level was associated with
a 14.9% reduction in costs (B, —0.149; 95% confidence
interval [CI], -0.175 to -0.124; p < 0.001), or an average
savings of $2,821 (95% ClI, $2,384 to $3,359). Upon adjust-
ment for covariates, including procedure type and joint,
a preoperative serum albumin level increase of 1.0 g/dL
was associated with a 6.6% reduction in costs (f, —0.066;
95% CI, -0.090 to —0.042; p < 0.001), or an average savings
of $1,282 (95% CI, $759 to $1,806). Multivariable analysis
indicated that procedure type was also a significant predic-
tor of total direct costs. Relative to primary TKAs, revision
TKAs increased costs by 48.9% (B, 0.489; 95% CI, 0.459 to
0.519; p < 0.001), primary THAs increased costs by 11.8%
(B, 0.118; 95% CI, 0.100 to 0.136; p < 0.001), and revision

W

45,000 - I Revision THA
40,000 - [1 Revision TKA

35,000 - « ‘. x .
30,000 -
25,000
20,000 -
15,000
10,000

5,000 -

0 - 1
<35 3.5-4.0 4.0-4.5 >4.5

Serum albumin (g/dL)

Total direct cost ($)

Fig. 2. Total direct costs by primary (A) and revision (B) total hip arthroplasty (THA) and total knee arthroplasty (TKA). At a level of *p < 0.05,
hypoalbuminemia was associated with significantly increased costs for primary THA ($17,735 vs. $14,031, p < 0.001) and primary TKA ($17,815 vs. $13,184,
p < 0.001) relative to those with serum albumin > 4.5 g/dL. This trend persisted for revision procedures, as those with hypoalbuminemia had higher costs for
revision THA ($32,275 vs. $19,818, p < 0.001) and revision TKA ($23,640 vs. $18,704, p < 0.001). A serum albumin level of 3.5-4.0 g/dL also had significantly
higher costs relative to serum albumin > 4.5 g/dL for both primary and revision THA procedures, as well as revision TKA procedures.
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Table 2. Multivariable Regressions of Serum Albumin Levels on Total Direct Costs

In(cost) (%) Cost ($)
Variable
Coefficient (95% CI) p-value Coefficient (95% ClI) p-value

Unadjusted

Albumin (g/dL) —0.149 (-0.175 to —0.124) <0.001* —2,821(-3,359 to —2,284) <0.001*
Adjusted

Albumin (g/dL) —0.066 (-0.090 to —0.042) <0.001* —1,282 (1,806 to —759) <0.001%
Albumin category

<3.5g/dL 0.162(0.112 t0 0.213) <0.001* 3,383 (2,281 to 4,485) <0.001*

3.5-4.0g/dL 0.038(0.012 to 0.064) 0.004* 660 (89 to 1,231) 0.024*

4.0-4.5 g/dL 0.000 (-0.019 to 0.020) 0.097 3 (428 to 435) 0.988

>45g/dL REF REF REF REF
BMI (kg/m?) 0.003 (0.001 to 0.004) <0.001* 34(10to0 57) 0.005*
Age (yr) 0.000 (0.000 to 0.001) 0.444 —7(-24109) 0.390
Hb (g/dL) -0.019 (-0.025 to —0.013) <0.001* —346 (—470 to —221) <0.001*
GFR (> 45 mL/min) -0.094 (-0.128 to —0.060) <0.001* —1,876 (2,626 to —1,126) <0.001*
Procedure type

Primary TKA REF REF REF REF

Revision TKA 0.489(0.459 to 0.519) <0.001* 9,402 (8,747 to 10,056) <0.001*

Revision THA 0.453(0.412 to 0.494) <0.001* 8,593 (7,693 t0 9,492) <0.001*

Primary THA 0.118(0.100 to 0.136) <0.001* 1,366 (964 to 1,767) <0.001*
Constant 10.0(9.9t0 10.2) <0.001* 26,204 (23,115 t0 29,292) <0.001*

In(cost): natural log of the cost, Cl: confidence interval, REF: reference set, BMI: body mass index, Hb: hemoglobin, GFR: glomerular filtration rate, TKA:

total knee arthroplasty, THA: total hip arthroplasty.
*Statistical significance.

THAs increased costs by 45.3% (B, 0.453; 95% CI, 0.412 to
0.494; p < 0.001).

When cost regressions were run on serum albumin
categories, hypoalbuminemia was associated with a signif-
icant 16.2% increase in costs (0.162; 95% CI, 0.112 to 0.213;
p < 0.001) relative to costs of patients with a preoperative
serum albumin > 4.5 g/dL. This reduction in costs cor-
responded to an average cost increase of $3,383 (95% CI,
$2,281 to $4,485), and the association was independent of
joint and procedure type. Serum albumin levels of 3.5-4.0
g/dL were also associated with a significant 3.8% rise in
direct costs (0.038; 95% CI, 0.012 to 0.064; p = 0.004),
corresponding to a $660 increase in cost (95% CI, $89 to
$1,231). Patients with serum albumin 4.0-4.5 g/dL did not
face increased costs relative to those with serum albumin >
4.5 g/dL (p = 0.097).

The results of adjusted multivariable regressions
on cost, specific to primary and revision procedures, are
presented in Fig. 3. Hypoalbuminemia was associated with
an average cost increase of $3,446 for primary procedures
(p < 0.001) relative to serum albumin > 4.5 g/dL. Revision
procedures cost significantly more, with an average cost
increase of $4,322 (p = 0.034) for patients with hypoalbu-
minemia relative to those with the highest serum albumin
levels. In addition to increased expenditures for hypoalbu-
minemic patients, those with serum albumin 3.5-4.0 g/dL
who underwent revision procedures also experienced an
average cost increase of $3,787 (p = 0.008) relative to those
with serum albumin > 4.5 g/dL. Those with serum albu-
min 4.0-4.5 g/dL did not have increased costs in primary
or revision procedures relative to those with > 4.5 g/dL.
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Fig. 3. Additional cost of each serum albumin category by primary or
revision procedure relative to serum albumin > 4.5 g/dL. Multivariable
regressions for both primary and revision procedures accounted for age,
body mass index, hemoglobin, glomerular filtration rate, and joint (hip
or knee). At a level of *p < 0.05, hypoalbuminemia was associated with
significantly increased costs for both primary (average, $3,446; p < 0.001)
and revision (average, $4,322; p = 0.034) procedures. Furthermore, serum
albumin 3.5-4.0 g/dL was also associated with an average cost increase
of $3,787 (p = 0.008) relative to those with serum albumin > 4.5 g/dL.

LOS and Readmission Analysis

The adjusted effect of serum albumin levels on readmissions
and LOS is displayed in Table 3. Multivariable regressions
found that a 1-point increase in serum albumin levels re-
sulted in a 53% reduction in readmissions (odds ratio, 0.47;
95% CI, 0.31 to 0.73; p = 0.001). Adjusted multivariable
regressions also found that every 1-point increase in preop-
erative serum albumin resulted in a significant reduction in
LOS by 0.6 days (B, —0.60; 95% CI, ~0.76 to —0.44; p < 0.001).
Index hospitalization LOS varies by serum albumin group,
as patients with serum albumin < 3.5 g/dL (B, 1.11; 95% CI,
0.77 to 1.45; p < 0.001) and 3.5-4.0 g/dL (B, 0.41; 95% CI,
0.24 to 0.59; p < 0.001) face increased LOS relative to those
with serum albumin > 4.5 g/dL. Relative to primary TKAs,
patients with revision TKA (B, 0.35; 95% CI, 0.15 to 0.55; p
=0.001) and revision THA (B, 0.97; 95% CI, 0.69 to 1.25; p
< 0.001) faced increased LOS.

The relationship of decreasing LOS with increasing
serum albumin in both primary and revision procedures
is presented in Fig. 4. Hypoalbuminemia was associated
with significantly increased LOS for primary THA (4.0 vs.
2.6 days, p < 0.001) and primary TKA (4.2 vs. 2.8 days, p
< 0.001) relative to those with serum albumin > 4.5 g/dL.
Revision procedures required longer lengths of stay, but
this trend across serum albumin levels persisted, as those
with hypoalbuminemia had higher LOS for revision THA
(7.3 vs. 3.6 days, p < 0.001) and revision TKA (4.3 vs. 2.7

days, p < 0.001). All serum albumin classes lower than se-
rum albumin > 4.5 g/dL were associated with significantly
longer lengths of stay for both primary THA and TKA. For
revision procedures, both serum albumin 3.5-4.0 g/dL and
4.0-4.5 g/dL were associated with significantly increased
LOS following revision TKA.

DISCUSSION

Given the increasing utilization of TKAs and THAs, and
the implementation of bundled payment initiatives, there is
heightened focus on identifying preoperative risk factors to
improve patient outcomes and costs. One potential modi-
fiable preoperative risk factor associated with increased
morbidity and mortality is malnutrition, for which serum
albumin serves as a widely accepted surrogate marker.”*""
The present study examined 3,785 primary and revision
THA and TKA patients to identify the institutional costs as-
sociated with serum albumin levels. We found that decreas-
ing serum albumin levels are associated with significantly
greater total direct costs, with each 1 g/dL reduction in
serum albumin increasing direct costs on average by $1,282
per unit albumin. Increasing costs were observed in both
primary and revision procedures.

While serum albumin levels have been associated
with increased morbidity and mortality, our analysis is
the first to report the increased cost burden of low serum
albumin levels. The benefit of identifying preoperative se-
rum albumin and its costs is the potential opportunity for
preoperative correction of malnutrition, which has been
shown to improve postoperative outcomes.™” Impor-
tantly, the cost impact of serum albumin is much greater
than, and independent of, a patient’s BMI, which is useful
given that preoperative correction of serum albumin may
be more feasible than preoperative reductions in BMI.>"”
Since previous research reports that cost margins for joint
arthroplasties under bundled payment initiatives are as
low as 4.3%, the potential to reduce costs through preoper-
ative serum albumin correction could impact the financial
feasibility of THAs and TKAs." Since hypoalbuminemia
is associated with increased comorbidities, future research
should explore whether preoperative serum albumin cor-
rection specifically can improve outcomes and reduce
costs.

Our findings suggest that there are diminishing
marginal returns to increasing preoperative serum albu-
min. Patients with hypoalbuminemia (< 3.5 g/dL) are of
primary concern since they experienced the greatest in-
crease in costs at 16.2%, or on average $3,383, relative to
patients with serum albumin > 4.5 g/dL. Serum albumin
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Table 3. Multivariable Regressions of Serum Albumin Levels on Readmissions and LOS

Readmission LOS
Variable
0dds ratio (95% Cl) p-value Coefficient (95% CI) p-value

Unadjusted

Albumin (g/dL) 0.35(0.24 to 0.52) <0.001* —0.95(-1.10 to -0.80) <0.001*
Adjusted

Albumin (g/dL) 0.47 (0.31 t0 0.73) 0.001* -0.60 (-0.76 to —0.44) <0.001*
Albumin category

<35g/dL 0.82 (—0.04 to 1.68) 0.062 1.11(0.77 to 1.45) <0.001*

3.5-4.0g/dL 0.89(0.35t0 1.44) 0.001* 0.41(0.24 t0 0.59) <0.001*

4.0-4.5 g/dL 0.36 (-0.13 to 0.84) 0.153 0.12 (-0.17 to —0.25) 0.088

>45g/dL REF REF REF REF
BMI (kg/m?) 1.02 (1.00 to 1.04) 0.034* 0.01(0.01 to 0.02) <0.001*
Age (yr) 1.02(1.01 to 1.04) 0.008* 0.01(0.00 to 0.01) 0.001*
Hemoglobin (g/dL) 0.95(0.85 to 1.07) 0.389 -0.10 (-0.14 to —0.06) <0.001*
GFR (> 45 mL/min) 0.60(0.36 to 1.01) 0.053 -0.67 (-0.90 to -0.43) <0.001*
Procedure type

Primary TKA REF REF REF REF

Revision TKA 1.60(0.97 to 2.64) 0.065 0.35(0.15 to 0.55) 0.001*

Revision THA 1.59(0.79t0 3.19) 0.191 0.97 (0.69 to 1.25) <0.001*

Primary THA 1.11(0.76 to 1.63) 0.596 -0.03 (-0.15 to 0.09) 0.640
Constant 0.54(0.04 t0 6.81) 0.637 7.20(6.25 t0 8.15) <0.001*

LOS: length of stay, Cl: confidence interval, REF: reference set, BMI: body mass index, GFR: glomerular filtration rate, TKA: total knee arthroplasty, THA:

total hip arthroplasty.
*Statistical significance.

levels of 3.5-4.0 g/dL were also associated with a signifi-
cant 3.8% increase in cost, representing an average cost
difference of $660, indicating that borderline hypoalbu-
minemic patients may also be considered for preoperative
intervention. Costs are not increased for patients with
serum albumin 4.0-4.5 g/dL, indicating the diminishing
benefits of increased serum albumin and the need to focus
on patients with especially low serum albumin levels. Fu-
ture efforts at preoperative modification of nutritional lev-
els should account for the costs associated with treatment,
counseling, laboratory tests, nutritional supplementation,
and other costs associated with this potential preoperative
optimization.

The mechanism by which serum albumin levels in-
crease costs remains unclear. The relationship between hy-
poalbuminemia and postoperative complications, includ-

ing postoperative infection, ventilator use > 48 hours, and
unplanned intubations, are well-documented.*>>'” Post-
operative complications may be the drivers of increased
costs in patients with lower serum albumin, as one institu-
tion reported that the average cost of medical complica-
tions was $22,775 following THA and $24,183 following
TKA."” However, there is also a strong association of lower
serum albumin levels and increasing LOS, with an average
increase of 1.1 days for serum albumin < 3.5 g/dL and 0.4
days for serum albumin 3.5-4.0 g/dL relative to patients
> 4.5 g/dL. Some combination of these relationships may
be driving the reduction in costs observed with increased
serum albumin.

It is important to note that despite the cost associa-
tion with hypoalbuminemia, joint type and revision pro-
cedures remain the primary drivers of total direct costs.
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Fig. 4. Length of stay (LOS) by total hip arthroplasty (THA) and total knee arthroplasty (TKA). (A) At a level of *p < 0.05, hypoalbuminemia was
associated with significantly increased LOS for primary THA (4.0 vs. 2.6 days, p < 0.001) and primary TKA (4.2 vs. 2.8 days, p < 0.001) relative to those
with serum albumin > 4.5 g/dL. (B) This trend persisted for revision procedures, as those with hypoalbuminemia had higher LOS for revision THA (7.3
vs. 3.6 days, p < 0.001) and revision TKA (4.3 vs. 2.7 days, p < 0.001). For both THA and TKA primary procedures, all serum albumin classes lower than
serum albumin > 4.5 g/dL were associated with significantly longer lengths of stay. For TKA revision procedures, both serum albumin 3.5-4.0 g/dL and

4.0-4.5 g/dL were associated with significantly increased LOS.

While hypoalbuminemia increases costs on average by
$3,383, revision TKAs were associated with an average
cost increase of $9,402. Despite not serving as the primary
driver of costs, there is value to understanding the cost
burden of hypoalbuminemia. The opportunity for preop-
erative nutritional management could lead to potential im-
provements in financial feasibility for TJA. If preoperative
correction can raise serum albumin and reduce the risk of
postoperative complications, initiatives may also lower the
proportion of subsequent revision procedures.”"*"”

This study likely underestimates the true cost bur-
den of serum albumin levels, as we were unable to account
for the cost of subsequent readmissions, which are associ-
ated with greater expenditure for both TKA and THA epi-
sodes.””"¥ In this study, lower serum albumin was associ-
ated with increased readmission, but we did not trace the
costs associated with the readmission. Given institutional
reports that readmission for surgical complications costs
an average of $36,038 for THA and $38,953 for TKA, the
true total cost burden of lower serum albumin levels is
likely much higher.'® If initiatives to address lower preop-
erative serum albumin are successful, the potential for cost
savings may be even greater than reported in this study.

This study has several limitations. First, we recog-
nize the limitations of our retrospective study design in
an administrative data set. Second, a small proportion of
patients suffered from hypoalbuminemia (3.0%), although
this proportion was similar to proportions reported in
other studies of hypoalbuminemia surrounding joint ar-

throplasty.*” Third, our study lacked data on several pa-
tient demographics and comorbidities, including gender,
insurance status, and conditions like diabetes, hyperten-
sion, and history of malignancy, that could be confound-
ing the predictive role of albumin. Despite this limitation,
we believe there is value in analyzing broad trends to allow
for cost predictions across an entire population receiving
TKAs and THAs. Furthermore, 845 patients did not have
a preoperative serum albumin measured, which could
bias our analysis toward patients with more comorbidities
if these patients without a serum albumin measurement
were healthier. Fourth, our study only accessed the total
direct costs for the index hospitalization and was unable
to account for the costs of readmissions that would likely
increase the predicted cost burden of serum albumin
levels. Nevertheless, this does not change the findings
that hypoalbuminemia is associated with costs and LOS/
readmission metrics. Finally, our study encompassed only
a single large academic medical center, which may limit
generalizability to other healthcare settings or populations
with lower incidences of hypoalbuminemia or revision ar-
throplasty.

In conclusion, hypoalbuminemia was significantly
associated with increased total direct costs following both
primary and revision THA and TKA. This study was
the first to identify the increasing costs associated with
low serum albumin levels in joint arthroplasty patients.
Decreasing albumin levels were also associated with in-
creased LOS and a greater rate of readmission within 30
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days. While joint type and procedure remain the primary
drivers of cost, preoperative serum albumin levels should
be considered in initiatives to optimize patient outcomes
while reducing overall costs. Future research should pro-
spectively explore whether preoperative correction of hy-
poalbuminemia yields the anticipated cost savings.
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