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Abstract
Background Total hip arthroplasty (THA) is widely used to treat hip osteoarthritis (HOA), particularly in elderly 
patients. However, the associated costs and complications highlight the need for strategies to shorten hospital stays 
and optimise postoperative outcomes. This study aimed to investigate the effect of preoperative nutritional status 
and postoperative dietary intake on the discharge outcomes of patients with unilateral HOA who underwent THA.

Methods A retrospective analysis of 57 patients without significant comorbidities out of 172 THA procedures 
performed by the same surgeon was conducted. Propensity score matching was used to compare the early discharge 
group (n = 14), discharged within 2 weeks, with the delayed discharge group (n = 14), hospitalised for longer. The 
assessed factors included preoperative Controlling Nutritional Status (CONUT) scores, postoperative dietary intake 
(staple foods and side dishes), and complications.

Results Preoperative malnutrition, as assessed using the CONUT score, showed no significant difference between 
the groups. The early discharge group exhibited a higher intake of staple foods (rich in carbohydrates) in the early 
postoperative phase than the delayed discharge group, potentially influencing earlier discharge. No significant 
difference was observed in side dish intake between the two groups. The incidence of complications did not differ 
between the two groups.

Conclusion Higher intake of staple foods in the early postoperative period may positively impact metabolic 
demands and wound healing, suggesting the importance of dietary strategies in postoperative rehabilitation. 
Ensuring adequate hospital meal consumption and implementing effective dietary guidance and education are 
crucial for optimising recovery and reducing hospital stay. This study highlights that postoperative feeding strategies, 
especially staple food intake, may have a positive impact on early discharge in THA patients. Future studies should 
explore the benefits of long-term nutritional interventions and the role of continuous dietary education in enhancing 
postoperative recovery.
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Background
Total hip arthroplasty (THA) is a major treatment for 
hip osteoarthritis (HOA), with its efficacy and safety 
extensively documented in numerous studies [1, 2]. As 
the global population ages, the number of THA per-
formed worldwide is steadily increasing [3]. Further-
more, emerging technologies such as robotic surgery 
have been gaining prominence, with reporting evidence 
of their effectiveness and safety [4, 5]. However, the asso-
ciated costs of hospitalisation, treatment, and rehabilita-
tion after THA are substantial, highlighting the need to 
reduce the length of hospital stays (LOS). One proposed 
strategy to mitigate this challenge involves the proac-
tive reduction and implant-related complications [6–8]. 
Additionally, systematic preoperative screening to iden-
tify patients at risk for prolonged recovery might enable 
tailored interventions, thereby optimizing resource utili-
zation and improving efficiency in postoperative care.

Malnutrition is a significant public health issue affect-
ing both social and economic performance in high- and 
low-income countries [9]. Ensuring adequate nutritional 
support should be the primary focus in the care of hos-
pitalised patients to optimise their recovery [10]. The 
clinical importance of addressing nutritional deficits in 
hospitalised patients is underscored by the high preva-
lence of malnutrition - affecting up to 50% of patients 
[11], and the documented correlation between insuf-
ficient nutritional intake and adverse outcomes, includ-
ing up to an eightfold increase in mortality and extended 
hospital stays [12, 13]. Although the significance of 
nutritional management in the discharge of orthopae-
dic patients is widely acknowledged, detailed strategies 
for effectively implementing this care are still insuffi-
ciently explored. This gap highlights the need for targeted 
research to develop and validate practical nutritional 
interventions that can optimize patient outcomes and 
streamline the discharge process.

While Western countries have successfully imple-
mented rapid rehabilitation protocols that often allow for 
discharge within few days post-surgery, the focus post-
discharge shifts significantly towards managing dietary 
intake at home. This shift underscores the importance of 
effective nutritional support outside of the hospital set-
ting. Conversely, in Japan, the typical recovery period 
extends to about two weeks, reflecting differing health-
care policies and cultural expectations. This extended in-
hospital stay provides a unique opportunity to study the 
impact of sustained nutritional interventions on patient 
recovery.

This study, conducted in Japan, aims to explore how 
in-hospital dietary management influences the timing of 
hospital discharge and overall recovery in patients under-
going unilateral THA. This study might offer insights that 
could inform post-discharge nutritional care strategies 

also in Western countries, potentially improving global 
clinical practices. Furthermore, the findings from this 
research could highlight the benefits of structured post-
operative nutritional support, providing a model for 
enhancing recovery and reducing the economic burden 
on healthcare systems worldwide.

Methods
Study design and participants
This study received ethical approval by the Ethics Review 
Board of Kitasato University (approval number: B23-
012) for the use of an opt-out methodology. This was a 
single-centre retrospective analysis. A total of 172 THA 
cases performed by the same surgeon (K.F.) from 1 Janu-
ary 2021 to 31 December 2022 were included. Patients 
that were found HOA on the non-operative side (n = 40), 
bilateral THA cases (n = 27), patients with prior THA on 
the contralateral side (n = 17), patients that had medi-
cal conditions affecting the rehabilitation process [e.g., 
reduced activity of daily living (ADL)], highly disloca-
tion of the hip, post-any other operation around the hip 
joint, heart failure, severe obesity, depression, schizo-
phrenia (n = 13), osteonecrosis of the femoral head on the 
operative side (n = 9), diabetes requiring insulin therapy 
(n = 4), renal failure with protein restriction (n = 3), rap-
idly destructive coxarthrosis (n = 1), and THA conversion 
in a case of pigmented villonodular synovitis (n = 1) were 
excluded from this study. Ultimately, 57 THA patients 
with unilateral HOA without additional rehabilitation 
or dietary restrictions were included. A flowchart of the 
patient selection process is shown in Fig. 1. Participants 
followed a uniform medication protocol, ensuring con-
sistent care across the cohort. Cefazolin was adminis-
tered for infection control, dosed appropriately based 
on body size and renal function, and continued every 
8  h until 24  h post-surgery. Pain management involved 
non-steroidal anti-inflammatory drugs (NSAIDs) or acet-
aminophen, administered orally as per each participant’s 
capability to ingest immediately after surgery. Addition-
ally, thromboprophylactic agents, such as edoxaban and 
enoxaparin, were administered as appropriate for up to 
two weeks postoperatively. The same standardized post-
operative rehabilitation protocol, supervised by physical 
therapists, was applied to the entire cohort. Rehabilita-
tion began on the first postoperative day with transfer 
training to a wheelchair, and progressed to gait training 
by the second day. Patients were permitted to be dis-
charged when there were no wound problems and they 
could perform ADLs, such as walking and climbing stairs 
independently. Patients discharged within 2 weeks after 
surgery were categorised into the early discharge group, 
and those hospitalised for > 2 weeks and/or transferred to 
another hospital for rehabilitation were categorised into 
the delayed discharge group.
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Patient characteristics and data
Patient characteristics including age, sex, and body 
mass index (BMI) were obtained from electronic medi-
cal records. Additionally, preoperative blood test data 
(serum albumin, total lymphocyte count, and total cho-
lesterol), intraoperative blood loss, postoperative food 
intake, and postoperative pain were assessed using a 
visual analogue scale (VAS).

Preoperative nutritional status was evaluated using the 
Controlling Nutritional Status (CONUT) score based 
on blood test data obtained from an examination con-
ducted one month prior to surgery. The CONUT score 

is a screening tool used to assess malnutrition in hospi-
talized patients [14]. It was calculated using three param-
eters: serum albumin level, total lymphocyte count, and 
total cholesterol level, with scores ranging from 0 to 12. 
Higher scores indicated poorer nutritional status (Nor-
mal: 0–1, Mild malnutrition: 2–4, Moderate malnutri-
tion: 5–8, Severe malnutrition: 9–12). The scoring table 
for the CONUT scores are shown in Table 1.

Postoperative food intake was recorded on a scale 
of 0–10 (0 = whole food leftover, 10 = total intake) as 
measured by a nurse or nursing assistant during meal 
cleanup. Food types were categorized into staple and side 
dishes to assess whether the type of nutrients consumed 
was associated with length of hospital stay. In Japanese 
food, staple foods typically consist of carbohydrate-rich 
ingredients (e.g., rice, bread, noodles, grains, and pota-
toes), whereas side dishes contain proteins, fats, vita-
mins, minerals, and dietary fibres (e.g., meat, seafood, 
vegetables, mushrooms, and fruits). A typical Japanese 
meal for inpatients includes one staple food (rice, bread, 
and noodles) and several side dishes (e.g., main dishes, 
salads, soup, and deserts).

Table 1 CONUT score: assessment of malnutrition degree
Parameter
Serum Albumin (g/dl)
Score (1)

≥ 3.50
0

3.00–3.49
2

2.50–2.99
4

< 2.5
6

Total lymphocyte count (/ml)
Score (2)

≥ 1600
0

1200–1599
1

800–1199
2

< 800
3

Total cholesterol (mg/dl)
Score (3)

≥ 180
0

140–179
1

100–139
2

< 100

Malnutrition Degree
Total Score

Normal
0–1

Light
2–4

Moderate
5 − 8

Severe
9–12

Fig. 1 Flowchart of patient selection, exclusion criteria and assignment. Data of 172 patients undergoing THA procedures performed by the same sur-
geon between 1 January 2021 and 31 December 2022 were extracted from the electronic medical records. Patients were selected based on the inclusion 
and exclusion criteria, and 57 patients who underwent unilateral THA were selected.
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Postoperative pain was measured using the VAS one 
week after surgery. A physical therapist recorded both 
dynamic and static pain.

Statistical analysis
The Shapiro-Wilk test was used to assess data normality. 
Age and body size influence preoperative albumin lev-
els and dietary intake is known to be influenced by age 
and body size [15, 16]. Therefore, age, BMI, intraopera-
tive blood loss, and postoperative pain VAS scores were 
included as covariates in the propensity score matching, 
as these were considered potential confounding factors 
affecting the rehabilitation course.

We compared the preoperative CONUT scores and 
postoperative food intake (staple food and side dishes) 
between the groups using the Mann–Whitney U test 
for both the unmatched cohort and the cohort matched 
for the above covariates. The χ² test was used to com-
pare differences in malnutrition rates, as indicated by the 
CONUT score, before and after matching.

All statistical analyses were performed using the SPSS 
software (version 19.0, IBM, NY, USA). Statistical signifi-
cance was set at p < 0.05.

Results
Preoperative nutritional status and clinical characteristics 
in the early and delayed discharge groups
The clinical characteristics of the early and delayed dis-
charge groups are summarised in Table  2. Of the 57 
patients included in this study, 39 patients (68.4%) were 
categorised into the early discharge group while 18 
patients (31.6%) were categorized into the delayed dis-
charge group.

The patients in the delayed discharge group were sig-
nificantly older and had lower preoperative albumin lev-
els. However, intraoperative blood loss was significantly 
lower in the discharge group than in the early discharge 
group. Based on the CONUT score, 45 patients (78.9%) 
were classified as having normal nutritional status, while 
12 patients (21.1%) had mild malnutrition. None of the 
patients had moderate or severe malnutrition. There 
were no significant differences in the mean CONUT 
scores between the two groups. As postoperative com-
plications, we found deep vein thrombosis (DVT) in 6 
patients (10.5%) and mild elevation of liver enzymes in 
one patient (1.8%). All DVT cases were peripheral and 
did not affect the rehabilitation course. There were no 
significant differences between the two groups.

After propensity score matching, 14 patients were 
included in the early and delayed discharge groups, 
respectively. Following matching, the significant differ-
ences in age, intraoperative blood loss, and preoperative 
albumin levels between the two groups did not show 
significant differences. Additionally, there were no sig-
nificant differences in mean CONUT scores between the 
matched groups. Also, there were no significant differ-
ences in complication rates.

Impact of postoperative dietary intake on discharge
Figure 2 shows the changes and differences in staple and 
side dish intake before and after propensity score match-
ing between the early and delayed discharge groups.

Before matching, the early discharge group consumed 
significantly more staple food on postoperative days 
2, 3, 4, and 6, and significantly more side dishes 2 days 
after surgery (staple food: day 2, p = 0.004, 1-β = 0.816; 
day 3, p < 0.001, 1-β = 0.993; day 4, p < 0.001, 1-β = 0.908; 

Table 2 Clinical characteristics in early and delayed discharge groups before and after propensity matched score analysis
Before match After match

Parameters Early discharge
(n = 39)

Delayed discharge
(n = 18)

P value Early discharge
(n = 14)

Delayed discharge
(n = 14)

P value

Age (y) 62.9 ± 11.4 74.9 ± 8.8 < 0.001* 70.2 ± 10.0 72.1 ± 7.8 0.734
Sex (M/F) 6/33 2/16 0.666 2/12 1/14 0.541
BMI 26.0 ± 6.3 23.7 ± 3.6 0.164 23.8 ± 4.1 24.6 ± 3.5 0.227
Postoperative pain VAS on movement (mm) 22.8 ± 18.1 32.2 ± 19.7 0.062 22.1 ± 13.3 28.1 ± 19.0 0.454
Intraoperative blood loss (ml) 269.0 ± 150.7 206.4 ± 185.5 0.040* 240.6 ± 148.3 222.6 ± 205.6 0.329
Preoperative Alb level (g/dl) 4.3 ± 0.3 4.1 ± 0.4 0.020* 4.3 ± 0.3 4.1 ± 0.3 0.285
CONUT
Malnutrition degree (n (%))
Normal 33 (84.6%) 12 (66.7%) 0.122 11 (78.6%) 10 (71.4%) 0.663
Light malnutrition 6 (15.4%) 6 (33.3%) 3(21.4%) 4(28.6%)
Moderate malnutrition 0 (0.0%) 0 (0.0%) 0(0.0%) 0(0.0%)
Severe malnutrition 0 (0.0%) 0 (0.0%) 0(0.0%) 0(0.0%)
Complications
DVT 3(7.7%) 3(16.7%) 0.305 2(14.3%) 3(21.4%) 0.621
Elevated liver enzymes 1(2.6%) 0(0.0%) 0.493 0(0.0%) 0(0.0%) N/A
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day 6, p = 0.016, 1-β = 0.808; side dishes: day 2, p = 0.022, 
1-β = 0.511).

After matching, the early discharge group continued 
to have significantly higher staple food intake on post-
operative days 3 and 4 (day 3: p = 0.004, 1-β = 0.903; day 
4: p = 0.031, 1-β = 0.568). In contrast, the previously sig-
nificant difference in side dish intake between the two 
groups was no longer observed at any time point after 
matching.

Discussion
This study aimed to investigate the impact of preoperative 
nutritional status and postoperative hospital food intake 
on the outcomes of patients undergoing unilateral THA 
for HOA. The results of the current study showed that 
post operative intake of staple foods (carbohydrate-rich 
components of hospital meals) significantly influenced 
early discharge in patients, especially on postoperative 
days 3 and 4, even after matching for confounding factors 

such as age, BMI, intraoperative blood loss, and postop-
erative pain using propensity score matching.

The significance of perioperative nutrition, particu-
larly in relation to malnutrition, has been extensively 
documented in orthopaedic surgery [17]. Previous stud-
ies have reported that malnutrition rates among patients 
undergoing THA and total knee arthroplasty (TKA) 
range from 11.3 to 27%, with preoperative hypoalbumin-
emia often leading to increased postoperative compli-
cations, such as wound infections, which subsequently 
extend hospital stays [18–20]. These complications are 
critical factors in prolonging hospitalization, underscor-
ing the importance of adequate nutritional management 
to prevent such adverse outcomes. However, in our study, 
despite varying levels of preoperative nutritional status 
as assessed by the CONUT score, no cases of wound 
infection were observed. This absence of wound infec-
tions, regardless of the preoperative CONUT score, 
suggests that other factors, such as the efficacy of the 

Fig. 2 Intake of staple food and side dishes before and after matching for both groups. Before matching, the intake was significantly higher on postop-
erative days 2, 3, 4, and 6 for staple foods, and significantly higher on postoperative day 2 for side foods. After matching (age, BMI, intraoperative blood 
loss, and postoperative pain VAS), the intake was significantly higher on the third and fourth postoperative days for the staple food, and the significance 
disappeared for the side dishes
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postoperative diet, may play a pivotal role in enabling 
discharge within the expected timeframe. The standard 
postoperative diet provided to all patients, rich in essen-
tial nutrients, may significantly influence recovery and 
the timing of discharge.

Recent studies have highlighted the importance of 
perioperative nutritional intervention. Schroer et al. 
reported the impact of perioperative high-protein and 
anti-inflammatory nutritional interventions for patients 
undergoing elective joint arthroplasty who were preop-
eratively malnourished, defined by an albumin level of 
≤ 3.4  g/dL. These interventions resulted in significantly 
reduced hospital stays and surgical costs [21]. Harsten et 
al. reported that preoperative carbohydrate-based nutri-
tional interventions significantly improved LOS [22]. 
While these interventions targeted specific nutritional 
components, this study demonstrated the significant 
role of regular hospital meals, particularly staple foods, 
such as rice, bread, and noodles, which provide essential 
carbohydrates.

Carbohydrates are critical for energy metabolism 
and wound healing, especially during the postopera-
tive period when energy demands increase significantly 
owing to surgical stress and rehabilitation [23]. Without 
adequate energy intake, the body catabolises muscle pro-
teins for gluconeogenesis, potentially leading to muscle 
atrophy and delayed recovery. Thus, while protein intake 
has been emphasised in previous studies [24, 25], our 
findings suggest that carbohydrate intake from staple 
foods may play an important role in recovery after THA.

This study also suggested the potential of standard hos-
pital meals as an effective and easily implemented nutri-
tional intervention. Encouraging adequate food intake, 
particularly of staple foods, might provide simple yet 
impactful nutritional support for postoperative recovery. 
These findings emphasized the importance of nutritional 
education and guidance for perioperative patients, ensur-
ing they understand the importance of consuming ade-
quate carbohydrates and overall nutrition [26, 27].

To improve the likelihood of discharging patients 
within the desired timeframe, we might need to consider 
several practical interventions in their dietary protocols. 
Firstly, enhancing the carbohydrate content of meals can 
provide the necessary energy for recovery, with a focus 
on complex carbohydrates like whole grains to sustain 
energy levels. Additionally, integrating high-protein 
foods can support muscle repair, which is crucial post-
surgery. Offering meals that include a balance of car-
bohydrates and proteins can help meet the nutritional 
needs essential for a timely recovery. Moreover, provid-
ing perioperative nutritional education and support can 
empower patients to participate actively in their recov-
ery. Educating patients about the importance of nutri-
tion in postoperative recovery and ensuring they receive 

meals tailored to their recovery needs can significantly 
impact their ability to meet discharge criteria. Regu-
lar assessments by dietitians and adjustments to dietary 
plans based on individual progress can further refine this 
process.

Incorporating these nutritional strategies can directly 
affect the efficiency of postoperative care protocols, 
potentially enabling more patients to meet early dis-
charge criteria and reducing the strain on hospital 
resources. While our study provides a foundational 
insight into this relationship, the specific patient cohort 
and controlled conditions limit the broader applicability 
of our findings. Future research should aim to include a 
larger and more diverse patient population, and possibly 
integrate more detailed assessments of nutritional intake, 
to validate and expand on our results.

This study has several limitations. First, the relatively 
small sample size limited the generalisability of our find-
ings. The study cohort was highly specific and consisted 
of only patients with unilateral HOA, excluding those 
with confounding conditions. Second, although patients 
with clearly impaired ADLs could be excluded during 
patient selection, patients with mild ADL impairment 
may have still been included after extraction, because the 
electronic medical records do not contain an accurate 
description of ADL impairments. Therefore, the extent 
to which preoperative ADLs affect the postoperative 
rehabilitation process and length of hospital stay can-
not be accurately assessed in this study. Third, although 
propensity score matching was used to control several 
confounding factors, the causal relationship between 
postoperative food intake and discharge timing remains 
unclear. It was difficult to determine whether patients 
discharged early were predisposed to faster recovery 
due to better overall health or whether their food intake 
directly influenced their recovery. Additionally, the study 
did not measure energy expenditure or specific dietary 
components beyond staple foods and side dishes, which 
might have limited the depth of the nutritional analy-
sis. Future research with larger sample sizes, including 
energy balance and macronutrient intake, would help 
clarify the relationship between nutrition and recovery 
outcomes in THA patients.

Conclusions
This study highlights the significant role of early post-
operative nutritional management, particularly staple 
food intake, in promoting early discharge among patients 
undergoing THA for HOA. The focus on adequate car-
bohydrate consumption, even in hospital meals alone, 
might impact patient recovery after surgery.
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