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Background: Pneumonia is a devastating complication following geriatric hip fracture surgery, and preoperative hypoalbuminemia
may be a potentially modifiable factor leading to improved outcome. This study aimed to quantify the relationship between
preoperative hypoalbuminemia and postoperative pneumonia.

Methods: We retrospectively reviewed the medical records of elderly patients (>60 years) who underwent surgeries for hip fracture in
a tertiary referral center between 2016 and 2020. According to the preoperative serum albumin level, they were divided into two
groups: <35 g/ L and >35 g/ L. To reduce potential confounding, propensity score matching (PSM) in a 1:1 ratio was performed, with
the caliper value set as 0.002; and further conditional logistic regression analysis was used to control the other potential confounders to
determine the association strength.

Results: Among 3,147 eligible patients included, PSM yielded 1,318 matched patients, with 659 in each respective group, suggesting
significantly improved balance in most variables (standardized mean deviation improvement range, 20.7% to 99.1%), except for basophil
count. The conditional logistic regression analysis, adjusted for PS and other intra- or post-operative variables, showed 6.18-fold (relative
ratio, 6.18; 95% CI, 3.15-11.98; P<0.001) increased risk of postoperative pneumonia associated with preoperative hypoalbuminemia.
Conclusion: Preoperative hypoalbuminemia was identified to be independently and highly associated with development of post-
operative pneumonia in elderly patients undergoing hip fracture surgeries. However, whether the patients who had such condition may
benefit from preoperative targeted nutritional support needs to be clarified by more prospective studies.
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Introduction

Pneumonia is one of the most prevalent complications in geriatric patients following surgeries for hip fracture, with
a reported range of 5.1% to 14.9%." Its rapid progression can lead to complications in other parts of the lung, such as
pleural effusion and atelectasis, and in some, particularly morbid patients, multiple organ dysfunction may be compli-
cated leading to deterioration of the condition.* ® In spite of the standard and multimodal therapy in medical care, elderly
patients who have developed pneumonia after surgeries for hip fracture have an increased 3.05-fold risk of 30-day
mortality, prolonged hospital-stay by 1.6-fold, and increased risk of readmission by 79.1%.*”* Substantial evidence
has suggested that hypoalbuminemia, a remarkable serum indicator for malnutrition, has a significant effect on prognosis,
as it can impair immune system and cardiopulmonary functions.” Furthermore, in elderly patients who generally have

morbid conditions or poor functional ability, perioperative malnutrition can occur in 17.4%-50%.'°"'* Therefore, a clear

Clinical Interventions in Aging 2022:17 495-503 495
Received: 6 December 2021 © 2022 Tian et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 28 March 2022
Published: 13 April 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Tian et al Dove

and adequate understanding of perioperative serum albumin level and its relation to postoperative complications should
better inform the perioperative management of hip fracture in elderly patients.

Review of literature showed multiple attempts in investigation of the relationship between perioperative serum albumin
level and complications as a composite or individually, following surgeries for hip fracture.'* '® However, several short-
comings might have limited the acquisition of the true association or the association magnitude, such as small sample size,
relatively few clinical variables to include, and insufficient adjustment for confounders. In fact, confounding is one of the
greatest risks to the scientificity and objectivity of a clinical study, because of the complexity and variability relating to
a patient’s medical condition and clinician practice. As is known, in various surgical subspecialties (like thoracic and
gastrointestinal surgery et al), preoperative serum albumin has been identified to be associated with postoperative
pneumonia.'”'” However, extrapolation of these results to hip fracture orthopedics is not appropriate.

Based on the previous findings, we hypothesize that there is a correlative relationship between preoperative
hypoalbuminemia and postoperative pneumonia following geriatric hip fracture surgery.

Thus, we designed this study, with the aim to determine the “true” relationship between preoperative hypoalbumi-
nemia and postoperative pneumonia in a geriatric cohort of patients undergoing surgeries for hip fracture.

Materials and Methods

This retrospective cohort study was conducted in a single-center tertiary referral hospital (the 3rd Hospital of Hebei
Medical University) between January 2016 and December 2020. The inclusion criteria were patients aged 60 or older
presenting with acute hip fracture caused by low-energy injury mechanism and definitely undergoing orthopedic surgery
by arthroplasty or osteosynthesis. Exclusion criteria were medium- or high-energy fractures, old fractures (>21 days from
initial injury to surgery), pathological fractures, multiple fractures or polytrauma, conservative treatment, revision
surgery, re-operations for any reason, chronic usage of immunosuppressants such as corticosteroids, preoperative
existence of pneumonia or respiratory tract inflammation, pre-fracture hip joint functional dependence, death due to
any cause during hospitalization or patients with incomplete data.

Exposure

According to the literature documentation and the reference range for clinical evaluation of hypoalbuminemia, patients
were classified into two groups with a preoperative serum albumin level < 35 g/ L or > 35 g/ L.2>*! When one patient had
multiple time measurements of serum albumin concentration before operation, the one closest to the time of operation
was used for classification.

Outcome (Postoperative Pneumonia)

Pneumonia was defined in accordance with the American Thoracic Society guidelines for healthcare-associated
pneumonia,*” and confirmed if a patient was documented to have developed pneumonia after hip fracture surgery during
the hospital stay. Clinically, pneumonia was diagnosed when at least one of the following criteria was satisfied: presence
of new and/or progressive and persistent respiratory symptoms, including coughing and purulent secretions, fever or
hypothermia (body temperature >38°C or body temperature <36°C), presence of lung consolidation and/or moist rale, lab
examination suggesting leukocytosis or leukopenia (white cell count >10x109/L or white cell count <4x109/L), positive
blood cultures or sputum sample.

Covariables

The variables of interest collected from electronic medical records were based on five aspects, sociodemographics,
comorbidities, injury, operation, and laboratory tests. These variables included sex, age, body mass index (BMI,
categorized as 18.5-23.9, <18.5, 24.0-27.9 or >28.0kg/m2), hypertension, diabetes mellitus, respiratory disease, heart
disease, cerebrovascular disease, liver cirrhosis, kidney disease, tumors, cigarette smoking, fracture type (femoral neck or
intertrochanteric), any previous operation, time to surgery, surgical duration, intraoperative bleeding, intraoperative blood
transfusion, procedure (arthroplasty or osteosynthesis), American Society of Anesthesiologists (ASA, categorized as
either I-II or III-IV) classification, anesthesia (general or local), preoperative albumin (ALB), white blood cell (WBC),
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hemoglobin (HGB), hematocrit (HCT), red blood cell (RBC), platelet (PLT), neutrophil count (NEUT), eosinophils
(EOS), and basophilic (BAS). When a patient had multiple measurements of laboratory indexes before operation, those
closest to the time of operation were used for analyses.

Statistical Analysis

Data were expressed as means and standard deviation for continuous variables which were normally distributed,
otherwise as median and interquartile (IQR), with use of Shapiro—Wilk normality test to evaluate the normality status.
t-test or Whitney U test was used to evaluate the between-group difference, as appropriate. Categorical variables were
expressed as number and percentages and compared using Chi-squared or Fisher’s exact test.

To minimize the confounding effects arising from between-group distribution differences, propensity score matching
(PSM) in a ratio 1:1 based on the propensity score for one patient was performed, using a logistic regression model.
Patients who had preoperative hypoalbuminemia were matched to those who did not, using calipers of 0.002, via the
greedy matching method (nearest neighbor without replacement in this study). The covariates that were included in the
propensity score analyses involved demographics, comorbidities, injury, and laboratory testing results. We did not
include operative variables such as bleeding, blood transfusion, surgical duration, procedure type, anesthesia and
postoperative antibiotics, because these are more likely to be affected by preoperative malnutrition. In addition,
considering the importance of liver cirrhosis and chronic kidney disease associated with hypoalbuminemia, we included
them as covariables in the conditional logistic regression analysis. The standardized mean differences (SMD) for all
covariates were used to assess the balance before and after PSM, with >0.10 indicative of imbalance.

For further investigation of whether the operative variables will affect the outcome or exploring which variable may
mediate the relationship, we used conditional logistic regression analysis with hypoalbuminemia, propensity score and
the previously-mentioned operative variables entered for adjustment. The relative ratio (RR) and 95% confidence interval
(95% CI) were calculated to indicate the association magnitude. P < 0.05 was set as the statistical significance level.
SPSS 26.0 (IBM, Armonk, NY, USA) and R software version 3.4.2 were used to perform all the analyses.

Results

In the study period, 4,692 patients (>60) were diagnosed with hip fracture and 1,545 patients were excluded, due to
medium- or high-energy fractures (321), old fractures (172), pathological fractures (non-osteoporotic fractures) (31),
multiple fractures or polytrauma (129), conservative treatment (293), revision or secondary surgery (102), chronic usage
of immunosuppressants (82), preoperative existence of pneumonia (44), pre-fracture hip joint functional dependence
(112), death due to any cause during hospitalization (17), and incomplete clinical data (242), leaving 3,147 for data
analysis and 182 (5.8%) developed postoperative pneumonia (Figure 1).

Table 1 showed the baseline characteristics of patients before PSM. Compared to those who did not have hypoalbu-
minemia (n=1582), patients who had preoperative hypoalbuminemia (n=1383) were older (78.6 = 8.1 vs 73.2 £8.6), less
likely to smoke (11.2% vs 15.9%), more likely to have history of respiratory disease (5.6% vs 2.9%), heart disease
(19.5% vs 9.1%) and cerebrovascular disease (21.1% vs 13.9%), intertrochanteric fracture (67.4% vs 30.3%), and longer
preoperative stay (5.8 + 4.1 vs 5.0 + 3.9) (Table 1). The incidence rate of postoperative pneumonia was and among them
182 (5.8%) developed postoperative pneumonia.

After PSM, a total of 1,318 patients were identified, with 659 in each respective group, and the SMD of all included
covariates was <0.10, indicating a good balance (Table 1). The univariate analyses also showed the non-significant
differences between groups after PSM (all P>0.05).

Conditional logistic regression analyses revealed non-significance for all the operative variables: liver cirrhosis (RR, 2.68;
95% CI, 1.58-3.08; P=0.032), kidney disease (RR, 1.87; 95% CI, 0.95-2.32; P=0.138), intraoperative bleeding (RR, 1.03; 95%
CI, 0.98-1.05; P=0.908), intraoperative blood transfusion (RR, 1.29; 95% CI, 0.73-2.15; P=0.368), surgical duration (RR, 1.02;
95% CI, 0.97-1.15; P=0.332), procedure type (RR, 1.13; 95% CI, 0.63—1.95; P=0.663), anesthesia technique type (RR, 1.32;
95% CI, 0.89-2.13; P=0.265), postoperative prophylactic antibiotic use (RR, 2.50; 95% CI, 0.79-7.95; P=0.121) (Table 2).
However, preoperative hypoalbuminemia was associated with 6.18-fold increased risk (adjusted RR, 6.18; 95% CI, 3.15-11.98)
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Figure | The flowchart illustrates the selection of the participants for this research.

of postoperative pneumonia, showing slight change compared to the crude RRs derived from both raw data (RR, 6.26; 95% CI,
4.12 to 9.35) and the “before-adjustment” data (RR, 5.78; 95% CI, 3.01 to 11.05) (Table 3).

Discussion
Our study showed that the incidence rate of postoperative in-hospital pneumonia following surgeries for elderly hip
fractures was 5.8%, and preoperative hypoalbuminemia was identified as an independent predictor that had 6.18-fold

increased risk of postoperative pneumonia, even after PSM and conditional logistic regression analysis.
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Table 1 Comparison of the Baseline Characteristics of the Patients with and without Preoperative Hypoalbuminemia
Variables Before PSM SMD P After PSM SMD P
ALB < 35 ALB > 35 ALB < 35 ALB = 35
(n=1537) (n=1610) (n=659) (n=659)

Sex (males) 529 (34.4) 509 (31.6) ~0.059 | 0.095 | 221 (33.5) 208 (31.6) ~0.042 | 0.445
Age (260 years) 78.6 + 8.1 732 £ 86 0.669 | <0.001 | 76.8 + 8.0 769 + 83 —0.012 | 0.829
BMI (Kg/m?) —0.076 | 0.214 —0.007 | 0.833

18.5-23.9 996 (64.8) 990 (61.5) 427 (64.8) 420 (63.7)

<185 71 (4.6) 72 (4.5) 29 (4.4) 36 (5.5)

24.0-27.9 367 (23.9) 442 (26.2) 156 (23.7) 158 (24.0)

228.0 103 (6.7) 126 (7.8) 47 (7.1) 45 (6.8)
Cigarette smoking 172 (11.2) 256 (15.9) —0.149 | <0.001 | 81 (12.3) 68 (10.3) 0.063 0.258
Hypertension 847 (55.1) 832 (51.7) 0.069 | 0.054 | 374 (56.8) 371 (56.3) 0.009 | 0.868
Diabetes mellitus 374 (24.3) 386 (24.0) 0.008 | 0.815 168 (25.5) 167 (25.3) 0.004 | 0.950
Respiratory disease 86 (5.6) 47 (2.9) 0.116 <0.001 | 26 (3.9) 26 (3.9) <0.001 | 1.000
Heart disease 299 (19.5) 147 (9.1) 0.261 <0.001 | 106 (l6.1) 93 (14.1) 0.050 | 0.371
Cerebrovascular disease 325 (21.1) 223 (13.9) 0.179 <0.001 | 130 (19.7) 133 (20.2) —0.011 | 0.836
Tumors 48 (3.1) 34 (2.2) 0.055 | 0.097 17 (2.6) 19 (2.9) —0.017 | 0.735
Previous surgical history 486 (31.6) 474 (29.4) 0.047 | 0.184 | 211 (32.0) 200 (30.3) 0.036 | 0.513
Fracture type 0.791 <0.001 —0.026 | 0.659

Femoral neck 501 (32.6) 1122 (69.7) 336 (51.0) 328 (49.8)

Intertrochanteric 1036 (67.4) 488 (30.3) 323 (49.0) 331 (50.2)
Preoperative stay (days) 58 = 4.1 5.0+39 0.213 <0.001 | 5.4%3.7 5.5+4.7 —0.035 | 0.544
ASA 0.368 <0.001 0.052 0.349

1-l 660 (42.9) 985 (61.2) 322 (48.9) 339 (51.4)

ni-1v 877 (57.1) 625 (38.8) 337 (51.1) 320 (48.6)
WBC count >10%10°/L 500 (32.5) 429 (26.6) 0.126 | <0.001 | 206 (31.3) 199 (30.2) 0.023 0.676
HGB level <lower 1089 (70.9) 639 (39.7) 0.686 | <0.001 | 390 (59.2) 384 (58.3) 0.020 | 0.737
reference range
HCT level <lower 1329 (86.5) 987 (61.3) 0.736 | <0.001 | 521 (79.1) 507 (76.9) 0.062 | 0.352
reference range
RBC level <lower 1056 (68.7) 659 (40.9) 0.599 | <0.001 | 380 (57.7) 377 (57.2) 0.010 | 0.867
reference range
PLT count >300%10°/L 218 (14.2) 182 (11.3) 0.082 | 0.015 | 83 (l2.6) 98 (14.9) —0.065 | 0.230
NEU count >6.3%10°/L 861 (56.0) 822 (51.1) 0.100 | 0.005 363 (55.1) 356 (54.0) 0.021 0.699
EOS count <0.02%10°/L 1092 (71.0) 1212 (75.3) 0.093 | 0.028 | 467 (70.9) 474 (71.9) 0.036 | 0.254
BAS count>0.06%10°/L 89 (5.8) 99 (6.1) —0.015 | 0.671 46 (7.0) 50 (7.6) —0.026 | 0.672

Abbreviations: SMD, standardized mean difference; BMI, body mass index; ASA, American Society of Anesthesiologists; ALB, albumin; WBC, white blood cell; HGB,
hemoglobin, reference range: Females, | 10-150g/L; males, 120—160g/L; HCT, hematocrit; reference range: Females, 35%-45%; males, 40%-50%; RBC, RBC, red blood cell;
reference range: Females, 3.5-5.0%1012/L; males, 4.0-5.5%¥1012/L; PLT, platelet; NEU, neutrophil; EOS, eosinophils; BAS, basophilic.

The relationship identified between preoperative hypoalbuminemia and postoperative pneumonia can be explained by
the following potential mechanisms. First, hypoalbuminemia itself reflects reduced organ preserving functional ability to
protect these patients having undergone major trauma orthopedic surgery from infectious events, especially in those
elderly patients often with underlying conditions or diseases. Second, hypoalbuminemia has been proven to impair the
immune function of the body, reduce the number of lymphocytes, weaken phagocytosis, and reduce the enzyme activity
of antibody synthesis, thus increasing the chance of lung infection.”> Third, hypoalbuminemia destroys vascular
endothelial growth factor, leading to transcapillary albumin leakage and interstitial edema, further impairing lung
function.* Fourth, the low free radical scavenging rate associated with hypoalbuminemia also contributes to the
increased risk of postoperative pneumonia.””> In addition, patients with preoperative hypoalbuminemia have poor
functional outcomes after hip fracture surgery which could be an important aspect in postsurgical pneumonia.”® These
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Table 2 Risk for Postoperative Pneumonia

Variables RR 95% CI P
Liver cirrhosis 2.68 1.58-3.08 0.032
Kidney disease 1.87 0.95-2.32 0.138
Intraoperative bleeding (mL) 1.03 0.98-1.05 0.908
Intraoperative blood transfusion 1.29 0.73-2.15 0.368
Surgical duration (minutes) 1.02 0.97-1.15 0.332
Procedure .13 0.63-1.95 0.663
Anesthesia (general) 1.32 0.89-2.13 0.265
Postoperative antibiotic 2.50 0.79-7.95 0.121
ALB <35 g/L 6.18 3.15-11.98 <0.001

Abbreviations: RR, relative ratio; 95% Cl, 95% confidence interval; ALB, albumin.

Table 3 Comparison of the RR Value in Different Settings

Outcome Preoperative Crude PSM#*
Albumin (g/L)
Event/N | Before Adjusted After Adjusted
Event/N RR (95% CI) P RR (95% CI) P RR (95% CI) P
Pneumonia | <35 154/1537 6.26 (4.12, 9.35) <0.001* | 63/659 5.78 (3.01, 11.05) <0.001° | 6.18 (3.15, 11.98) <0.001°¢
235 28/1610 Reference: | 10/659 Reference: | Reference: |

Notes: *The propensity score was analyzed using a multiple logistic regression model that included all variables in Table | in addition to BMI, tumors, and preoperative stay.
3p-value by simple logistic regression. ®p-value before adjustment for intraoperative variables. “p-value after adjustment for intraoperative bleeding, intraoperative blood
transfusion, surgical duration, procedure, anesthesia, postoperative antibiotic.

Abbreviations: RR, relative ratio; 95% Cl, 95% confidence interval; PSM, propensity score matching.

damaging effects by hypoalbuminemia on pneumonia, presumably, would have been aggravated in the setting of hip
fracture in such a fragile cohort of elderly patients.

Our findings were consistent with previous studies of different postoperative complications, in different settings or
surgical fields. In studies of hip or knee joint arthroplasty, researchers have found patients suffering preoperative
hypoalbuminemia had a 1.9 to 2.0-fold increased risk of any postoperative adverse events and 4-fold increased risk of
blood transfusion, respectively.?”*® Seong-Eun et al*® retrospectively analyzed 519 elderly patients with hip fracture and
found that the incidence of preoperative malnutrition in patients with aspiration pneumonia was significantly higher than
that in the control group (36.8% vs 9.1%). Toshihiro et al’” investigated 426 elderly patients undergoing surgery for hip
fracture and found postoperative hypoalbuminemia was associated with 5.8-fold increased risk of postoperative pneu-
monia. Shin et al® investigated 1,155 elderly patients undergoing surgery for hip fracture and found postoperative
hypoalbuminemia was associated with 2.4-fold increased risk of postoperative pneumonia. In their study, multivariate
regression analysis was also used, similar to ours and the cut-off value for albumin level was determined as 3.0g/L and
3.5g/L. Compared to theirs, we further adjusted for the intraoperative variables in the after-PSM cohort using the
conditional logistics regression model, thus minimizing the confounding effects.

It is reassuring that serum albumin level not only has the potential for predicting the occurrence of adverse events, but can also
be a factor for allowing modification. Substantial evidence has shown that early nutritional optimization can supplement calories
and protein in a timely manner, regulate immune function, and maintain normal cell metabolism.*' ** Yokoyama et al** reported
that through preoperative nutrition, the outcomes of patients at risk of postoperative infection-related complications following
femoral neck fracture surgery were significantly improved. In another study, Malafarina et al*> demonstrated that oral nutritional
supplements prior to surgery could prevent the aggravation of operative complications in older adults with hip fracture. Similarly,
in a clinical trial involving 80 elderly patients following hip fractures, daily intake of the optimal dose of nutritional supplements
before surgery demonstrated enhanced immunity and reduced the incidence of postoperative complications.*® As a consequence,
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considering the higher amount of consumption of nutrition and overall fragility in such elderly trauma patients, we should pay
attention to preoperative nutrition management.

The advantages of this study included the large sample, use of PSM for balancing the between-group differences, and
the conditional logistic regression analysis for further adjustment. We think the result is robust, more closely reflecting
the true correlation. However, several limitations should be mentioned. First, despite the fact that the data were extracted
from a prospectively collected database, many variables were determined by patients’ self-reports, especially the under-
lying comorbidities. This might have induced recall bias which can compromise the accuracy of data. Second, this was
a single-center study in a University-affiliated and tertiary-referral institution, and thus the resultant selection bias might
have limited the generalizability of our finding. Third, the analyses in the present study revealed correlative relationships,
not causality. The “real world study” seems a practical method to address clinical issues like causation, but the results
should still be treated in the context of observational designs. Fourth, primary result of postoperative pneumonia was
only limited to those cases occurring during hospitalization period and the follow-up of patients after discharge was not
conducted, potentially leading to underestimation of the incidence of postoperative pneumonia.

Conclusion

In summary, this study concluded that preoperative hypoalbuminemia is associated with 6.18-fold increased risk of
postoperative pneumonia in elderly patients following surgeries for hip fracture. But further studies are necessary to
confirm whether the patients who had such condition may benefit from preoperative targeted nutritional support.

Abbreviations

BMI, body mass index; ASA, American Society of Anesthesiologists; ALB, preoperative albumin; WBC, white blood
cell; HGB, hemoglobin; HCT, hematocrit; RBC, red blood cell; PLT, platelet; NEUT, neutrophil count; EOS, eosinophils;
BAS, basophilic; SMD, standardized mean difference; RR, relative ratio; 95% CI, 95% confidence interval; PSM,
propensity score matching.
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