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Abstract
Background: Malnutrition is a common and modifiable risk factor for postoperative complications and adverse
outcomes in orthopedics. The purpose of this study was to identify biomarkers of malnutrition in patients
undergoing elective total knee arthroplasty (TKA) that are predictive of adverse in-hospital postoperative
complications, to facilitate the identification of at-risk patients for nutritional optimization before surgery.
Methods: A total of 624 patients who underwent elective TKA between 2013 and 2017 were evaluated; potential
biomarkers of preoperative malnutrition, including hypoalbuminemia (serum albumin < 3.5 g/dL), total lymphocyte
count (TLC < 1500 cells/mm3), and body mass index (BMI), were assessed for any association with in-hospital
postoperative complications.
Results: The prevalence of hypoalbuminemia, low TLC, overweight, obesity class I, and obesity class II were,
respectively 2.72%, 33.4%, 14.8%, 44.5%, and 26.9%. There was a significant association between hypoalbuminemia
and obesity class II (BMI ≥ 30.0 kg/m2) with rates of peri-prosthetic joint infection, and no significant association
between such complications and low TLC, overweight, or obesity class I. Logistic regression analysis showed that
patients with hypoalbuminemia or being in obesity class II with gouty arthritis were more likely to suffer from periprosthetic joint infection.
Conclusions: Hypoalbuminemia and obesity class II together is a reliable biomarker of preoperative malnutrition for
predicting peri-prosthetic joint infection after elective TKA, whereas low TLC, overweight, and obesity class I were
not significantly associated with an increased risk of such complications.
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Background
Malnutrition has long been linked to postoperative complications and adverse outcomes in a variety of surgical
fields [1], such as increased susceptibility to infection [2,
3], delayed wound healing [4, 5], and an increased
frequency of decubitus ulcers. In particular, it is a
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modifiable risk factor, as evidenced by studies that have
associated optimization of preoperative nutrition with
improved surgical outcomes [6, 7]. Therefore, it is important to identify those patients who are at risk so that
appropriate nutritional support can be implemented.
A range of methods for nutritional status assessment
has been proposed; a comprehensive assessment may include measurements of dietary intake, clinical assessment, anthropometric measurements, and biochemical
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measurements of serum protein, micronutrients and
metabolic parameters [8]. Many of the signs of malnutrition, however, only manifest in extreme cases. Thus, it is
crucial to identify sensitive markers that can be utilized
to screen for clinical as well as subclinical malnutrition
patients.
In orthopedic patients, the prevalence of clinical and
subclinical malnutrition has been reported to be up to
42.4% [9]. Common markers of malnutrition that have
been studied include low serum albumin as a marker of
protein status, low total lymphocyte count (TLC), and
an excessively high or low body mass index (BMI). They
have been compared against various adverse surgical
outcomes, including peri-prosthetic joint infection such
as deep surgical site infection (SSI) or implant infection
[10–12], delayed wound healing [4, 5, 13], unplanned intubation, and intensive care unit (ICU) admission [11],
postoperative anemia and cardiac complications [14],
and length of hospital stay [15, 16]. However, conflicting
results have been reported; for example, while hypoalbuminemia (serum albumin < 3.5 g/dL) has been associated
with an increased risk of peri-prosthetic infection [10,
11] and longer than average hospital stay [15, 16] its effect on wound healing is less clear – Marín et al. (2002)
[13] reported no significant predictive value of hypoalbuminemia on wound healing, yet Greene et al. (1991) [5]
reported a five-fold increase in the frequency of major
wound complications.
The primary purpose of this analysis was to identify
biomarkers of malnutrition in patients undergoing elective total knee arthroplasty (TKA) that are predictive of
adverse in-hospital postoperative complications, which
would facilitate the identification of at-risk patients for
nutritional optimization before surgery. This was the
first of such analyses in the Asian-Pacific region and
could provide insight into the relationship between
malnutrition and post-TKA complications in this
population.
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The subjects were stratified into being with or without
hypoalbuminemia (serum albumin < 3.5 g/dL), with or
without low TLC (TLC < 1500 cells/mm3), and normal
weight or underweight (BMI < 18.5 kg/m2), overweight
(BMI 23.0–24.9 kg/m2), obesity I (BMI 25.0–29.9 kg/m2)
and obesity II (BMI ≥ 30.0 kg/m2) groups. Of note, the
BMI cut-off value for various groups in the Asia-Pacific
population [18] is lower than that of the World Health
Organization (WHO) international cut-off.
Outcome measurement

In-hospital postoperative complications were defined
and classified into surgical-related, or anesthesia- or
medical-status-related. Surgical-related complications
analyzed were peri-prosthetic joint infection including
deep SSI and implant infection, hematoma requiring
drainage or pseudoaneurysm thrombosis at the surgical
site, and wound complications; anesthesia- or medicalstatus-related complications included systemic infection,
intensive care unit (ICU) admission, cerebrovascular
accident, acute renal failure, deep vein thrombosis
(DVT), pulmonary embolism (PE), and cardiovascular
complications (Table 1) [19, 20]. Minor or unrelated
complications excluded are intraoperative technical
complications, wound pain or erythema, skin blisters,
non-infective wound discharge, acute retention of urine,
Table 1 In-hospital postoperative surgical-related and
anesthesia/medical-status-related complications
Complications

Examples

Surgical-related:
Peri-prosthetic joint infection Deep surgical site infection
Implant infection
Hematoma requiring drainage/
pseudoaneurysm thrombosis
Wound complications

Infection
Dehiscence
Necrosis requiring debridement

Anesthesia/medical-status-related:

Methods

Systemic infection

Design and participants

In this analysis, patients who underwent elective TKA
between 2013 and 2017 in Prince of Wales Hospital in
Hong Kong were identified using the electronic Clinical
Management System (CMS); 624 patients were identified, and their data reviewed. In our clinic, all patients
who underwent elective TKA needed to be diabetic controlled and maintain a normal hemoglobin level before
surgery. As a results, all recruited patients were neither
hyperglycemic nor anemic. Patients’ sex, age, height,
weight, and diagnosed comorbidity based on the Charlson Comorbidity Index [17], with modifications made
for this orthopedic study, were recorded.

Urinary tract infection or pyelonephritis
Pneumonia

Intensive care unit (ICU)
admission
Cerebrovascular accident

Stroke
Transient ischemic attack

Acute renal failure
Deep vein thrombosis (DVT)
Pulmonary embolism (PE)
Cardiovascular complications Arrhythmias
Acute coronary syndrome
Heart failure
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transient fever without identifiable source, transient delirium, asthma attack, gouty attack, hypercalcemia, gastric ulcer, and late complications that occurred after
discharge such as hypertrophic scar formation.
Statistical analysis

Statistical analysis was performed to identify any malnutrition biomarkers that are predictive of potential adverse in-hospital postoperative complications after
elective TKA. The prevalence of preoperative comorbidities in low TLC, hypoalbuminemia, and obesity groups
were compared and analyzed. Chi-square tests were used
to examine the correlation between various comorbidities and the 10 postoperative complications. Further analyses with logistic regression modeling were carried out
for any comorbidities that were significantly correlated
to postoperative complications. All P values < 0.05 were
deemed statistically significant. All statistical analysis
was performed using IBM SPSS version 25 (Armonk,
NY, USA).

Results
Descriptive statistics of patients in hypoalbuminemia, low
TLC, and obesity groups

Prevalence, demographics, and comorbidities of patients in the hypoalbuminemia, low TLC, and the five
BMI groups were summarized in Table 2. Six hundred
and twenty-four patients with preoperative albumin
level data were identified, of which the prevalence of
hypoalbuminemia (serum albumin < 3.5 g/dL) is 2.7%.
Five hundred and forty-two patients with TLC data
were identified (86.6% of the cases reviewed), of
which the prevalence of low TLC (TLC < 1500 cells/
mm3) is 33.4%. A total of 433 patients with available
preoperative BMI were analyzed (68.8% of the cases
reviewed). They were categorized into five groups –
normal weight, underweight (BMI < 18.5 kg/m2),
overweight (BMI 23.0–24.9 kg/m2), obesity I (BMI
25.0–29.9 kg/m2), and obesity II (BMI ≥ 30.0 kg/m2);
the respective prevalence of each of the groups were
12.5%, 1.2%, 14.8%, 44.5%, and 26.9%. The mean BMI
was 27.5 kg/m2.
Correlation between comorbidities and postoperative
complications

Correlations between various operative comorbidities
and postoperative complications were made using chisquare tests (Tables 3 and 4). It demonstrated that
hypoalbuminemia and obesity class II correlate with a
significantly higher risk of peri-prosthetic joint infection
(Table 3, comparisons with significant differences were
bolded).
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Logistic regression analysis on postoperative
complications

Logistic regression models of peri-prosthetic joint infection on hypoalbuminemia and various obesity groups
were carried out (Tables 5 and 6). The results demonstrated that hypoalbuminemic patients with gouty arthritis were 16.28 times more likely to have peri-prosthetic
joint infection after elective TKR (r2 = 0.14, P = 0.03)
(Table 5). Moreover, obesity II patients with gouty arthritis were 27.00 times more likely to have peri-prosthetic
joint infection after TKR (r2 = 0.23, P < 0.01) (Table 6).

Discussion
Malnutrition can be defined and measured in a number
of ways, including serological laboratory values, anthropometric measurements, and standardized scoring
tools such as the Rainey-MacDonald Nutritional Index
[21] and the Mini Nutritional Assessment [22]. In relation to biomarkers for prediction of postoperative complications in orthopedics, the most accessible and
commonly used markers are serum albumin level < 3.5
g/dL, TLC < 1500 cells/mm3, and BMI, which were studied in this analysis.
This study reviewed 624 patients who underwent TKA
in the Prince of Wales Hospital in Hong Kong between
2013 and 2017 and evaluated the association between
biomarkers of preoperative nutritional status and inhospital postoperative complications. Although there
were studies in Asia [23–26] that looked into the association between obesity and various post-TKA outcomes,
and a large-scale Korean study [27] on malnutrition and
post-TKA wound complications, none provided a comprehensive evaluation of the relationship between malnutrition and postoperative complications; as the first of
such analyses in the Asia-Pacific region, this study provided new insights into this topic.
This study demonstrated a significant association between hypoalbuminemia and obesity class II with increased the risk of peri-prosthetic joint infection. No
such association was identified in patient with low TLC,
overweight, or obesity class I.
Obesity

The term “malnutrition” distinguishes itself from “nutrient deficiency” by encompassing both deficiencies and
excess in nutrients, and obesity is a form of the latter
with caloric overnourishment. It is associated with a host
of morbidities, especially metabolic and cardiovascular
risks, and in orthopedics, increased incidence of osteoarthritis that may ultimately lead to the need for TKA.
Interestingly, recent evidence has shown that increasing
BMI is paradoxically associated with malnutrition in
terms of micronutrient and protein deficiencies [28, 29],
which may be one of the mechanisms by which obesity

Man et al. Knee Surgery & Related Research

(2020) 32:21

Page 4 of 9

Table 2 Preoperative albumin level, total lymphocyte count (TLC), and body mass index (BMI)* analyses – Patient demographics
and clinical characteristics
Demographic variables Normal albumin Hypoalbuminemiaa Normal
(N = 17)
TLC
level
(N = 361)
(N = 607)
Age (mean ± SD)

Low
TLCb
(N = 181)

Normal
weightc
(N = 54)

Underweightd
(N = 5)

Overweighte Obesity If Obesity IIg
(N = 64)
(N = 192) (N = 116)

67.3 ± 7.2

68.9 ± 8.2

67.2 ± 7.4 68.1 ± 6.9 67.8 ± 7.6

57.6 ± 6.3

69.1 ± 8.1

68.8 ± 7.2 64.8 ± 6.0

Female

75.5

70.6

76.2

71.3

68.5

80.0

73.4

82.3

76.7

Male

24.6

29.4

23.8

28.7

31.5

20.0

26.6

17.7

23.3

Sex (%)

Comorbidities (% (N))
Hypertension

69.9 (424)

88.2 (15)

68.1 (246) 72.4 (131) 64.8 (35)

40.0 (2)

62.5 (40)

72.4 (139) 73.3 (85)

Diabetes mellitus

26.0 (158)

29.4 (5)

26.6 (96)

22.7 (41)

22.2 (12)

0.0

(0)

18.8 (12)

25.5 (49)

26.7 (31)

Renal disease

3.1 (19)

23.5 (4)

2.8 (10)

5.0 (9)

1.9 (1)

0.0

(0)

3.1 (2)

4.7 (9)

6.0 (7)

Stroke/TIA

5.1 (31)

5.9 (1)

6.4 (23)

3.3 (6)

9.3 (5)

0.0

(0)

7.8 (5)

6.9 (13)

3.4 (4)

Rheumatological
disease

4.4 (27)

17.6 (3)

3.3 (12)

8.3 (15)

11.1 (6)

100.0 (5)

7.8 (5)

2.1 (4)

0.9 (1)

Gouty arthritis

3.1 (19)

17.6 (3)

2.5 (9)

5.5 (10)

0.0 (0)

0.0

3.1 (2)

5.7 (11)

5.2 (6)

(0)

Chronic liver disease 1.2 (7)

0.0 (0)

0.8 (3)

1.7 (3)

0.0 (0)

0.0

(0)

3.1 (2)

1.0 (2)

1.7 (2)

Hypothyroidism

3.8 (23)

0.0 (0)

4.4 (16)

2.2 (4)

1.9 (1)

0.0

(0)

3.1 (2)

4.2 (8)

8.6 (10)

Depression

2.5 (15)

11.8 (2)

2.8 (10)

2.2 (4)

1.9 (1)

0.0

(0)

0.0 (0)

3.6 (7)

3.4 (4)

Psychosis

0.3 (2)

0.0 (0)

0.6 (2)

0.0 (0)

0.0 (0)

0.0

(0)

0.0 (0)

0.5 (1)

0.0 (0)

History of DVT or PE 2.1 (13)

0.0 (0)

2.5 (9)

1.1 (2)

1.9 (1)

0.0

(0)

0.0 (0)

1.0 (2)

0.9 (1)

Chronic pulmonary
disease

0.7 (4)

0.0 (0)

1.1 (4)

0.0 (0)

0.0 (0)

0.0

(0)

0.0 (0)

1.6 (3)

0.0 (0)

History of
myocardial infarct

5.3 (32)

0.0 (0)

4.7 (17)

7.2 (13)

11.1 (6)

0.0

(0)

7.8 (5)

4.2 (8)

5.2 (6)

Congestive heart
failure

0.5 (3)

0.0 (0)

0.6 (2)

0.6 (1)

0.0 (0)

0.0 (0)

0.0 (0)

0.0 (0)

0.9 (1)

Arrhythmia

3.1 (19)

0.0 (0)

3.3 (12)

3.3 (6)

7.4 (4)

0.0 (0)

6.3 (4)

1.6 (3)

1.7 (2)

Valvular disease

0.8 (5)

0.0 (0)

0.8 (3)

0.6 (1)

0.0 (0)

0.0 (0)

1.6 (1)

0.5 (1)

2.6 (3)

Peptic ulcer disease

0.5 (3)

11.8 (2)

0.3 (1)

0.6 (1)

0.0 (0)

0.0 (0)

0.0 (0)

1.6 (3)

0.0 (0)

Any malignancy

4.1 (25)

0.0 (0)

5.0 (18)

4.4 (8)

1.9 (1)

0.0 (0)

3.1 (2)

8.3 (16)

3.4 (4)

Key: DVT deep vein thrombosis, PE pulmonary embolism, SD standard deviation, TIA transient ischemic attack
*BMI cut-off values for the Asia-Pacific population with reference to the World Health Organization (WHO) international standard [18]
a
Hypoalbuminemia defined as preoperative serum albumin < 3.5 g/dL
b
Low TLC defined as TLC < 1500 cells/mm3
c
Normal weight defined as BMI
d
Underweight defined as BMI < 18.5 kg/m2
e
Overweight defined as BMI 23.0–24.9 kg/m2
f
Obesity I defined as BMI 25.0–29.9 kg/m2
g
Obesity II defined as BMI ≥ 30.0 kg/m2

increases risks of postoperative morbidity and mortality,
but this topic is beyond the scope of this study.
Although it is largely agreed that obesity is associated
with an increased in the incidence of postoperative complications in total joint arthroplasty, studies have shown
somewhat conflicting findings. Suleiman et al. (2012)
[30] analyzed 1731 cases, and demonstrated no statistical
difference in peri-operative complication rates in patients undergoing TKA or total hip arthroplasty (THA)
across various BMI categories. However, Namba et al.
(2005) [31] reported that patients with BMI ≥ 35 kg/m2
had 6.7 times higher rates of postoperative infection

(N = 1813), but no significant association with DVT, cardiac, gastrointestinal, or genitourinary complications.
Similarly, Miric et al. (2002) [32] found an increased risk
of one or multiple postoperative complication in obese
patients (BMI ≥ 35 kg/m2), yet no significant difference
in the rates of specific complications compared to nonobese patients. On the other hand, some studies found
associations with postoperative complications only in
cases of more severe obesity – the study by Fu et al.
(2016) [28] of 71,599 TKA cases showed that only patients with BMI ≥ 40 kg/m2 were associated with any
postoperative complications, wound complications, and
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Table 3 Correlations between preoperative comorbidities and postoperative surgical-related complications
Preoperative
comorbidities

Peri-prosthetic joint infection

Hematoma requiring drainage/Pseudoaneurysm thrombosis

Wound complications

Yes

Yes

Yes

No

No

No

Low total lymphocyte count (TLC)
Yes

1 (25.0)

180 (33.5)

0

181 (33.5)

1 (12.5)

180 (33.7)

No

3 (75.0)

358 (66.5)

1 (100.0)

360 (66.5)

7 (87.5)

354 (66.3)

Yes

2 (40.0)

15 (2.4)

0

17 (2.7)

0

17

No

3 (60.0)

604 (97.6)

2 (100.0)

605 (97.3)

9 (100.0)

598 (97.2)

Hypoalbuminemia
(2.8)

BMI
Underweight

0

7

0

7

Normal

0

54 (12.6)

(1.6)

0

54 (12.5)

(1.6)

0

7

0

54 (12.6)

(1.6)

Overweight

0

64 (14.9)

0

64 (14.8)

1 (16.7)

63 (14.8)

Obesity I

0

192 (44.8)

1 (100.0)

191 (44.2)

1 (16.7)

191 (44.7)

Obesity II

4 (100.0)

112 (26.1)

0

116 (26.9)

4 (66.7)

112 (26.2)

Keys:
Numbers in bold: comparisons with statistical significances (p < 0.05)
Low total lymphocyte count (TLC) defined as TLC < 1500 cells/mm3
Hypoalbuminemia defined as preoperative serum albumin < 3.5 g/dL

Table 4 Correlations between preoperative comorbidities and postoperative anesthesia/medical-status-related complications
Preoperative
comorbidities

Systemic infection ICU admission Cerebrovascular
accident

Acute renal
failure

Deep vein
thrombosis

Pulmonary
embolism

Cardiovascular
complications

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

No

Yes

No

Yes

Low total lymphocyte count (TLC)
Yes

6
(35.3)

175
(33.3)

1
180
0
(100.0) (33.3)

180
(33.3)

0

180
(33.3)

6
(40.0)

175
(33.2)

1
(50.0)

180
(33.3)

0

181
(33.7)

No

11
(64.7)

350
(66.7)

0

361
0
(66.7)

361
(66.7)

0

361
(66.7)

9
(60.0)

352
(66.8)

1
(50.0)

360
(66.7)

5
(100.0)

356
(66.3)

17
(2.7)

17
(2.7)

0

17
(2.7)

0

17
(2.8)

0

17
(2.7)

0

17
(2.8)

Hypoalbuminemia
Yes

0

17
(2.8)

0

0

No

17
(100.0)

590
(97.2)

1
606
0
(100.0) (97.3)

606
(97.3)

1
(100.0)

606
(97.3)

16
(100.0)

591
(97.2)

2
(100.0)

605
(97.3)

7
(100.0)

600
(97.2)

Underweight 0

7
(1.7)

0

7
(1.6)

7
(1.6)

0

7
(1.6)

0

7
(1.7)

0

7
(1.6)

0

7
(1.6)

Normal

2
(13.3)

52
(12.4)

0

54
0
(12.5)

54
(12.5)

0

54
(12.5)

0

54
(12.8)

0

54
(12.5)

1
(25.0)

53
(12.4)

Overweight

1
(6.7)

63
(15.1)

0

64
0
(14.8)

64
(14.8)

0

64
(14.8)

3
(30.0)

61
(14.4)

0

64
(14.8)

1
(25.0)

63
(14.7)

Obesity I

7
(46.7)

185
(44.3)

0

192
0
(44.3)

192
(44.3)

0

192
(44.3)

4
(40.0)

188
(44.4)

0

192
(44.4)

1
(25.0)

191
(44.5)

Obesity II

5
(33.3)

111
(26.6)

0

116
0
(26.8)

116
(26.8)

0

116
(26.8)

3
(30.0)

113
(26.7)

1
(100.0)

115
(26.6)

1
(25.0)

115
(26.8)

BMI
0

Keys:
Low TLC defined as TLC < 1500 cells/mm3
Hypoalbuminemia defined as preoperative serum albumin < 3.5 g/dL
ICU intensive care unit
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Table 5 Logistic regression models on hypoalbuminemia
No (albumin ≥ 3.5 g/dL)

Yes (albumin < 3.5 g/dL)
r2

B ± SE

Odds ratio (95% CI)

P value

0.14

2.79 ± 1.25

16.28 (1.41, 187.85)

0.03

r2

B ± SE

0.09

1.87 ± 1.61

Odds ratio (95% CI)

P value

6.50 (0.28, 151.12)

0.24

Peri-prosthetic joint
infection
Gouty arthritis

Legend: B regression coefficient, CI confidence interval, SE standard error

the need for reoperation. Malinzak et al. (2009) [33] reported an increased risk of peri-prosthetic infection
(odds ratio 21.3) in patient with BMI > 50 kg/m2. However, it should also be noted that extreme obesity is uncommon in this locality; in fact, there were only two
cases with BMI > 40 kg/m2 in this study. Consequently,
this discrepancy in the demographics may result in difference between the risks of postoperative complications
in the Asia-Pacific and Western populations.
All in all, although meta-analysis is not available in the
literature, many studies had shown that obesity is associated with an overall increased risk of postoperative complications, but not with any specific complication except
infection and thromboembolic events. This is consistent
with the results of this analysis, that patients with BMI
≥ 30 kg/m2 suffered from an increased risk of periprosthetic joint infection. However, it must be noted
that the cut-off for obesity II was at BMI ≥ 30 kg/m2 due
to the study population being Asian in ethnicity, as contrast to the WHO standard of ≥ 35 kg/m2 that is used
more commonly for Caucasian populations. In addition,
due to the difference in metabolism and fat distribution,
an Asian-Pacific patient with the same BMI as a Caucasian patient had a higher risk of comorbidity [18]. This
may explain why this study was able to demonstrate an
increased risk of post-TKA complication at a lower BMI
compared to other studies.
The association between obesity and post-TKA complications is of particular interest because the prevalence
of obesity is particularly high in elective TKA; in various
series, the prevalence ranged from 52 to 61.8% [28, 31].
In this analysis, the prevalence of obesity (BMI ≥ 25 kg/
m2) was 86.2%, with a mean BMI of 27.5 kg/m2. Although the precise reason for this higher prevalence of
obesity in our study population is beyond the scope of
this analysis, possible reasons include the long waiting
list for elective TKA in public hospitals in Hong Kong
leading to patients undergoing the surgery at a more

advanced stage of disease, and selection bias as obese patients tend to be more symptomatic comparing to nonobese patients and, thus, are more often indicated for
TKA.

Hypoalbuminemia

Serum albumin as a biomarker of protein status and
malnutrition had been intensively investigated. It had
been used to detect acute nutritional change by virtue of
its short half-life, and had been shown to be a sensitive
indicator of marginal nutrient deficiency [5, 9]. Combined with the ease of access to its serological level, and
the potential for hypoalbuminemia to be corrected preoperatively in elective surgeries like TKA, it has been a
popular biomarker in the orthopedic literature.
The association between hypoalbuminemia (commonly
defined as serum albumin < 3.5 g/dL) and various postTKA complications, however, remains controversial despite numerous studies; it appears to be associated with
some complications but not others. A meta-analysis by
Yuwen et al. (2017) [10] included 112,183 cases from 13
studies, and revealed a 2.5-fold increase in risk of SSI in
patients with hypoalbuminemia. The analysis by Kamath
et al. (2017) of 4551 cases [11] not only supported the
association with SSI, but also increased risk of unplanned intubation, intraoperative or postoperative
blood transfusion, acute renal failure, and mortality and
coma. Hypoalbuminemia has also been associated with a
longer than average hospital stay by Lavernia et al.
(1990) [15] and Dreblow et al. (1981) [16]. Its relationship with wound healing, however, is less clear – studies
by Marín et al. (2002) [13] and Morey et al. (2016) [27]
of, respectively, 170 and 3169 patients, reported no significant predictive value of hypoalbuminemia on wound
healing, yet Greene et al. (1991) [5] reported a five-fold
increase in the frequency of major wound complication.
Further investigations and meta-analysis would be

Table 6 Logistic regression models on body mass index (BMI)
Normal (N = 54)

Overweight (N = 64)

Obesity I (N = 192)

Obesity II (N = 116)

Odds ratio (95% CI)

P value

Odds ratio (95% CI)

P value

Odds ratio (95% CI)

P value

Odds ratio (95% CI)

P value

–

NS

–

NS

–

NS

27.00 (2.99, 243.53)

0.003

Peri-prosthetic
joint infection
Gouty arthritis

Legend: B regression coefficient, CI confidence interval, NS no statistical significance, SE standard error
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essential for the establishment of association between
hypoalbuminemia and various post-TKA complications.
Of note, the prevalence of hypoalbuminemia in this
series was only 2.72%, limiting the statistical power of
this study to demonstrate any association or the lack
thereof. Despite the significantly higher incidence of
peri-prosthetic joint infection in the hypoalbuminemia
group, it is difficult to draw any meaningful conclusion
in view of the small sample size and limited statistical
power. The prevalence of hypoalbuminemia (as defined
as < 3.5 g/dL) is highly variable in the literature, ranging
from 4.0 to 15% [11, 33]. The prevalence of hypoalbuminemia in this study was at the lower end of this
spectrum, possibly reflecting the fact that protein deficiency is less common in this locality; in fact, a study by
Woo et al. [34] on the protein nutritional status of elderly people in Hong Kong found that their mean protein
intake was well above the WHO recommendation, and
protein nutritional status, as measured by various biomarkers including serum albumin, appeared to be adequate amongst the elderly Chinese living in the
community. Therefore, the study of hypoalbuminemia
by locality likely require a larger sample size.
TLC

TLC was less intensively studied comparing to serum albumin as a biomarker for malnutrition. A low TLC
(commonly defined as < 1500 cells/mm3) is thought to
be associated with the impaired immunity to prevent or
eradicate postoperative infection and wound healing
[29]. The literature in other areas of orthopedics reported conflicting results; studies on spinal surgery reported low TLC to be associated with higher rates of
postoperative infection and poor wound healing [35],
and a normal TLC with lower rates of overall infection
[36]. However, a retrospective, multicenter, case-control
study found no statistically significant association between low TLC and risk of infection [37]. Even fewer
studies focused on low TLC and total joint arthroplasty.
The analysis by Marín et al. (2002) [13] of 170 patients
undergoing elective TKA reported a three-times higher
rate of wound complications in patient with low TLC,
but a study of 3169 cases by Morey et al. (2016) [27] reported no association between low TLC and functional
outcomes or incidence of wound complication. These
conflicting results calls for further investigations into the
accuracy and reliability of TLC as a surrogate marker of
malnutrition in predicting postoperative complications
in various fields of orthopedic surgery.
Logistic regression analysis – gouty arthritis

Logistic regression analysis demonstrated that patients
with gouty arthritis along with hypoalbuminemia or
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those who are in obesity class II were more likely to suffer from peri-prosthetic joint infection.
While there has been a limited number of case reports
of acute gouty attacks after elective TKA in the English
scientific literature [38–43], its mechanism remains unclear; one explanation for this could be that the removal
of cartilage and synovium during TKA predisposes to
the deposition of urate crystals in the joint [39]. Each of
the case reports emphasize the difficulties in differentiating acute gouty attacks from septic arthritis, due to their
similarity in clinical and biochemical presentation, complicated by false-negative results for bacterial culture
due to the use of empirical antibiotics. The possibility of
misdiagnosing an acute gouty attack as a post-TKA implant infection could be one of the explanations of our
findings in the logistic regression analysis.
Limitations

This study had several limitations, the most important
of which is the limited study population of only 626;
combined with the low rates of pooled in-hospital postoperative complications at 8.5% (similar to reported
rates in the literature), a larger sample size would provide more statistical power for studying the risks of such
complications, especially for subgroup analysis.
It should also be noted that TLC and BMI data were
only available in, respectively, 86.6% and 66.8% of the
cases reviewed; due to this being a retrospective study,
the preoperative TLC, weight, and height measurements
were not universally taken or recorded preoperatively in
this hospital. This may have induced selection bias to
the cases analyzed.
Also, our study population was composed almost
solely of Han Chinese people, making it difficult to compare it to the existing studies in the scientific literature,
most of which are conducted on Western populations
with different demographic characteristics.

Conclusions
In conclusion, this study evaluated the association between biomarkers of preoperative malnutrition and inhospital postoperative complications amongst patients
undergoing elective TKA. Hypoalbuminemia and obesity
class II (BMI ≥ 30 kg/m2) were identified as useful and
potentially modifiable biomarkers for predicting postelective TKA peri-prosthetic joint infection, whereas low
TLC, overweight, and obesity class I were not significantly associated with such risks.
Patients with BMI ≥ 30 kg/m2 should be counseled on
the increased risk of postoperative complications, and
considerations given for delaying elective surgery until
their nutritional status is optimized. The sensitivity and
reliability of serum albumin and TLC as biomarkers for
predicting post-TKA complications, however, are less
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firmly established and require further investigations and
meta-analysis before a consensus can be reached.
Acknowledgements
Not applicable.
Authors’ contributions
SM and KKWH provided substantial contributions to the conception and
design of the work. SM and KYC collected the data. WWC analyzed and
interpreted all the patient data. SM and WWC drafted and revised the
manuscript. SM and KKWH were major contributors in finalizing the
manuscript. All authors read and approved the final manuscript.
Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Ethical approval was obtained from the Ethics Review Board of the Joint
NTEC/CUHK Ethics Committee (Research Ethics Committee approval number:
2018.242).
Consent for publication
Written informed consent was obtained from every participant.
Competing interests
The authors declare that they have no competing interests.
Received: 19 November 2019 Accepted: 14 April 2020

References
1. Studley HO (2001) Percentage of weight loss: a basic indicator of surgical
risk in patients with chronic peptic ulcer. 1936. Nutr Hosp 16(4):141–143
discussion 0-1
2. Santos JI (1994) Nutrition, infection, and immunocompetence. Infect Dis
Clin N Am 8(1):243–267
3. Mainous MR, Deitch EA (1994) Nutrition and infection. Surg Clin North Am
74(3):659–676
4. Jones RE, Russell RD, Huo MH (2013) Wound healing in total joint
replacement. Bone Joint J 95-B(11 Suppl A):144–147. https://doi.org/10.
1302/0301-620X.95B11.32836
5. Greene KA, Wilde AH, Stulberg BN (1991) Preoperative nutritional status of
total joint patients. Relationship to postoperative wound complications. J
Arthroplast 6(4):321–325
6. Evans DC, Martindale RG, Kiraly LN, Jones CM (2014) Nutrition optimization
prior to surgery. Nutr Clin Pract 29(1):10–21. https://doi.org/10.1177/
0884533613517006
7. Martindale RG, McClave SA, Taylor B, Lawson CM (2013) Perioperative
nutrition: what is the current landscape? JPEN J Parenter Enteral Nutr 37(5
Suppl):5S–20S. https://doi.org/10.1177/0148607113496821
8. Knox TA, Zafonte-Sanders M, Fields-Gardner C, Moen K, Johansen D, Paton
N (2003) Assessment of nutritional status, body composition, and human
immunodeficiency virus-associated morphologic changes. Clin Infect Dis
36(Suppl 2):S63–S68. https://doi.org/10.1086/367560
9. Jensen JE, Jensen TG, Smith TK, Johnston DA, Dudrick SJ (1982) Nutrition in
orthopaedic surgery. J Bone Joint Surg Am 64(9):1263–1272
10. Yuwen P, Chen W, Lv H, Feng C, Li Y, Zhang T et al (2017) Albumin and
surgical site infection risk in orthopaedics: a meta-analysis. BMC Surg 17(1):7.
https://doi.org/10.1186/s12893-016-0186-6
11. Kamath AF, Nelson CL, Elkassabany N, Guo Z, Liu J (2017) Low albumin is a
risk factor for complications after revision total knee arthroplasty. J Knee
Surg 30(3):269–275. https://doi.org/10.1055/s-0036-1584575
12. Alfargieny R, Bodalal Z, Bendardaf R, El-Fadli M, Langhi S (2015) Nutritional
status as a predictive marker for surgical site infection in total joint
arthroplasty. Avicenna J Med 5(4):117–122. https://doi.org/10.4103/22310770.165122

Page 8 of 9

13. Marín LA, Salido JA, López A, Silva A (2002) Preoperative nutritional
evaluation as a prognostic tool for wound healing. Acta Orthop Scand
73(1):2–5. https://doi.org/10.1080/000164702317281323
14. Anoushiravani AA, Sayeed Z, Chambers MC, Gilbert TJ, Scaife SL, El-Othmani
MM et al (2016) Assessing in-hospital outcomes and resource utilization
after primary total joint arthroplasty among underweight patients. J
Arthroplast 31(7):1407–1412. https://doi.org/10.1016/j.arth.2015.12.053
15. Lavernia CJ, Sierra RJ, Baerga L (1999) Nutritional parameters and short term
outcome in arthroplasty. J Am Coll Nutr 18(3):274–278
16. Dreblow DM, Anderson CF, Moxness K (1981) Nutritional assessment of
orthopedic patients. Mayo Clin Proc 56(1):51–54
17. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P et al (2011) Updating
and validating the Charlson Comorbidity Index and score for risk
adjustment in hospital discharge abstracts using data from 6 countries. Am
J Epidemiol 173(6):676–682. https://doi.org/10.1093/aje/kwq433
18. Asia-Pacific Perspective Committee, Zimmet P, Inoue S, International
Diabetes Institute (2000) The Asia-Pacific perspective: redefining obesity and
its treatment. Health Communications Australia, Sydney
19. Oviedo Baena AM, Moeschler SM, Smith HM, Duncan CM, Schroeder DR,
Kopp SL (2015) Perioperative comorbidities and complications among
patients undergoing primary total knee arthroplasty: a retrospective analysis
and prospective survey. J Clin Anesth 27(7):558–565. https://doi.org/10.1016/
j.jclinane.2015.07.011
20. Belmont PJ, Goodman GP, Waterman BR, Bader JO, Schoenfeld AJ (2014)
Thirty-day postoperative complications and mortality following total knee
arthroplasty: incidence and risk factors among a national sample of 15,321
patients. J Bone Joint Surg Am 96(1):20–26. https://doi.org/10.2106/JBJS.M.
00018
21. Rainey-Macdonald CG, Holliday RL, Wells GA, Donner AP (1983) Validity of a
two-variable nutritional index for use in selecting candidates for nutritional
support. JPEN J Parenter Enteral Nutr 7(1):15–20. https://doi.org/10.1177/
014860718300700115
22. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T et al (2009)
Validation of the Mini Nutritional Assessment short-form (MNA-SF): a
practical tool for identification of nutritional status. J Nutr Health Aging
13(9):782–788
23. Bagaria V, Modi N, Panghate A, Vaidya S (2006) Incidence and risk factors for
development of venous thromboembolism in Indian patients undergoing
major orthopaedic surgery: results of a prospective study. Postgrad Med J
82(964):136–139. https://doi.org/10.1136/pgmj.2005.034512
24. Kim KI, Cho KY, Jin W, Khurana SS, Bae DK (2011) Recent Korean perspective
of deep vein thrombosis after total knee arthroplasty. J Arthroplast 26(7):
1112–1116. https://doi.org/10.1016/j.arth.2011.02.021
25. Yasunaga H, Tsuchiya K, Matsuyama Y, Ohe K (2009) Analysis of factors
affecting operating time, postoperative complications, and length of stay
for total knee arthroplasty: nationwide web-based survey. J Orthop Sci 14(1):
10–16. https://doi.org/10.1007/s00776-008-1294-7
26. Liao CD, Huang YC, Lin LF, Huang SW, Liou TH (2015) Body mass index and
functional mobility outcome following early rehabilitation after a total knee
replacement: a retrospective study in Taiwan. Arthritis Care Res (Hoboken)
67(6):799–808. https://doi.org/10.1002/acr.22474
27. Morey VM, Song YD, Whang JS, Kang YG, Kim TK (2016) Can serum albumin
level and total lymphocyte count be surrogates for malnutrition to predict
wound complications after total knee arthroplasty? J Arthroplast 31(6):1317–
1321. https://doi.org/10.1016/j.arth.2015.12.004
28. Fu MC, McLawhorn AS, Padgett DE, Cross MB (2017) Hypoalbuminemia is a
better predictor than obesity of complications after total knee arthroplasty:
a propensity score-adjusted observational analysis. HSS J 13(1):66–74.
https://doi.org/10.1007/s11420-016-9518-4
29. Cross MB, Yi PH, Thomas CF, Garcia J, Della Valle CJ (2014) Evaluation of
malnutrition in orthopaedic surgery. J Am Acad Orthop Surg 22(3):193–199.
https://doi.org/10.5435/JAAOS-22-03-193
30. Suleiman LI, Ortega G, Ong’uti SK, Gonzalez DO, Tran DD, Onyike A et al (2012)
Does BMI affect perioperative complications following total knee and hip
arthroplasty? J Surg Res 174(1):7–11. https://doi.org/10.1016/j.jss.2011.05.057
31. Namba RS, Paxton L, Fithian DC, Stone ML (2005) Obesity and perioperative
morbidity in total hip and total knee arthroplasty patients. J Arthroplast 20(7
Suppl 3):46–50. https://doi.org/10.1016/j.arth.2005.04.023
32. Miric A, Lim M, Kahn B, Rozenthal T, Bombick D, Sculco TP (2002)
Perioperative morbidity following total knee arthroplasty among obese
patients. J Knee Surg. 15(2):77–83

Man et al. Knee Surgery & Related Research

(2020) 32:21

33. Malinzak RA, Ritter MA, Berend ME, Meding JB, Olberding EM, Davis KE
(2009) Morbidly obese, diabetic, younger, and unilateral joint arthroplasty
patients have elevated total joint arthroplasty infection rates. J Arthroplast
24(6 Suppl):84–88. https://doi.org/10.1016/j.arth.2009.05.016
34. Woo J, Cheung CK, Ho SC, Mak YT, Swaminathan R (1988) Protein
nutritional status in elderly Chinese in Hong Kong. Eur J Clin Nutr 42(11):
903–909
35. Beiner JM, Grauer J, Kwon BK, Vaccaro AR (2003) Postoperative wound
infections of the spine. Neurosurg Focus 15(3):E14
36. Jevsevar DS, Karlin LI (1993) The relationship between preoperative
nutritional status and complications after an operation for scoliosis in
patients who have cerebral palsy. J Bone Joint Surg Am 75(6):880–884.
https://doi.org/10.2106/00004623-199306000-00008
37. Sponseller PD, LaPorte DM, Hungerford MW, Eck K, Bridwell KH, Lenke LG
(2000) Deep wound infections after neuromuscular scoliosis surgery: a
multicenter study of risk factors and treatment outcomes. Spine (Phila Pa
1976) 25(19):2461–2466
38. Williamson SC, Roger DJ, Petrera P, Glockner F (1994) Acute gouty
arthropathy after total knee arthroplasty. A case report. J Bone Joint Surg
Am 76(1):126–128
39. Blyth P, Pai VS (1999) Recurrence of gout after total knee arthroplasty. J
Arthroplast 14(3):380–382
40. Beutler AM, Epstein AL, Policastro D (2000) Acute gouty arthritis involving a
prosthetic knee joint. J Clin Rheumatol 6(5):291–293
41. Crawford L, Kumar A, Shepard GJ (2007) Gouty synovitis after total knee
arthroplasty: a case report. J Orthop Surg (Hong Kong) 15(3):384–385
42. Fokter SK, Repse-Fokter A (2010) Acute gouty arthritis in a patient after total
knee arthroplasty. Wien Klin Wochenschr 122(11–12):366–367
43. Freehill MT, McCarty EF, Khanuja HS (2010) Total knee arthroplasty failure
and gouty arthropathy. J Arthroplasty 25(4):658.e7–658.10

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

