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Background and aims: Muscle loss not only reduce the effectiveness of the recovery period of rehabilitation after stroke but also prolongs the length of hospital stay. Therefore, it is crucial to maintain muscle mass during the hyperacute phase of stroke. We aimed to investigate the factor that influence changes in muscle mass and quality in patients with hyperacute stroke by using a body composition analyzer.

Methods: Body composition assessment was performed on 156 patients admitted to the stroke care unit at the time of admission and 1 week later. Additionally, associations between rehabilitation intervention time, nutritional dosage and administration method, and stroke severity were examined to which factors were affecting body composition.

Results: Muscle mass and quality significantly decreased in both men (SMI: 7.41 ± 1.26 to 7.22 ± 1.23 kg/m2, p < 0.005, phA: 5.5 ± 1.24 to 5.31 ± 1.29 degree, p < 0.005) and women (SMI: 6.04 ± 1.30 to 5.08 ± 1.20 kg/m2, p < 0.005, phA: 4.58 ± 0.85 to4.18 ± 0.82 degree, p < 0.005)1 week after admission. Rehabilitation intervention time [odds ratio (OR) = 2.12; 95% CI: 1.28–4.47, p = 0.01], and high calorie dosage (OR = 1.53; 95% CI: 1.14–3.21, p = 0.03) significantly reduced the loss of muscle mass. However, stroke severity did not affect variations in body composition.

Conclusion: Deterioration in muscle mass and quality was observed during the hyperacute phase of stroke. The risk of muscle mass loss may be reduced with appropriate rehabilitation intervention and diet therapy from the early stage of hospitalization. Therefore, providing early rehabilitation intervention and nutritional management in the hospitalization phase are important to improve treatment effectiveness. In hyperacute stroke treatment, rehabilitation and nutritional administration should be provided as early as possible.

Clinical trial registration: https://center6.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000053017, identifier UMIN-CTR UMIN000046467.
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1 Introduction

The current condition of sarcopenia is widely recognized, and its presence worsens the prognosis of various diseases, including cancer (1–3). In contrast, stroke is one of the leading causes of many motion disorders and deaths worldwide, with an average of 17.9 million deaths from stroke since 2019 (4). Recent developments in thrombolytic and endovascular therapies have reduced the number of deaths in developed countries. However, even survivors have sequelae, causing a high medical cost burden (5). Therefore, rehabilitation intervention is provided to reduce disabilities and facilitate social reintegration. Studies have shown that early rehabilitation intervention after stroke is much more effective in reducing disability, as recommended in the guidelines (6). However, it is important not only to initiate rehabilitation interventions early but also to manage sarcopenia. In fact, previous studies have shown that the presence of sarcopenia during rehabilitation intervention delays functional recovery after stroke (7, 8). Hyperacute stroke patients are inactive because they are forced to rest for treatment or their range of activities is limited. In addition, secondary musculoskeletal degeneration occurs in association with the disruption of central nervous system activity. Thus, elderly patients who are hospitalized after a stroke are more likely to develop sarcopenia. Additionally, our studies have shown that not only muscle mass, as assessed by the presence of sarcopenia, but also muscle quality loss has a significant influence on the effectiveness of poststroke rehabilitation intervention (9, 10). It has become clear that muscle weakness cannot be explained only by the reduced muscle mass (11–13). Reduced muscle mass is attributable to the presence of extracellular fat and extracellular fluid in the skeletal muscle tissue. Ryan et al. (14) measured intramuscular fat mass in stroke patients using computed tomography (CT); they found that the intramuscular fat mass on the paralyzed side increased by approximately 25% compared with that on the nonparalyzed side. Presence of intramuscular fat should be considered during the assessment of skeletal muscle mass in stroke patients. Moreover, a high level of intermuscular fat is liable to reduce muscle strength (15). Therefore, both muscle quality as well as muscle mass should be considered during the assessment of muscle strength. Muscle quality is commonly assessed by CT, MRI, and ultrasound (16); however, phase angle (PhA), measured by body composition monitors, has recently been shown to reflect muscle quality. The European Working Group on Sarcopenia in Older People 2019 consensus statement suggested that PhA can be regarded as an index of overall muscle quality (17). Muscle mass decreases in most patients after stroke (18). However, the factors that contribute to muscle mass loss in the hyperacute phase of stroke remain unclear. Therefore, we measured muscle mass using a body composition analyzer during the hyperacute phase of stroke and investigated some factors that might influence changes in muscle mass. We also examined the factors affecting muscle quality and nutritional status. We hypothesized that during the hyperacute phase of stroke, patients’ muscle mass and quality would decline significantly, but that rehabilitation and nutritional management could reduce these losses.



2 Materials and methods

We conducted this prospective study at a stroke care unit (SCU) at Dokkyo Medical University Hospital in Japan, in accordance with the Declaration of Helsinki, between January and December 2022. Before the study, all participants signed an informed consent form, and the study protocol was approved by the Ethics Committee of Dokkyo Medical University (R-50-11 J). Additionally, our clinical trial was previously registered in the UMIN-CTR (UMIN000046467). A total of 198 patients with stroke participated in this trial. However, patients with pacemakers and severe cognitive impairment who were discharged early were excluded (Figure 1). Therefore, 166 patients (58 women and 108 men) were included in this study. The National Institutes of Health Stroke Scale (NIHSS) assessed stroke severity at the time of admission of each patient, and posttreatment NIHSS was recorded for patients who underwent thrombolysis or thrombectomy.

[image: Figure 1]

FIGURE 1
 Flowchart outlining the study design as well as the inclusion and exclusion criteria. A total of 198 patients with stroke were admitted to the stroke care unit (SCU); 166 patients (58 women and 108 men) were included in this study. Patients with a pacemaker, severe cognitive impairment, and early discharge were excluded.



2.1 Bioelectrical impedance analysis

Body S-10 (InBody Japan, Tokyo, Japan) was used for bioelectrical impedance analysis (BIA), in which a 200-μA current at 5, 50, and 250 kHz was applied after 10 min of rest at air-conditioned room with room temperature adjusted to 25°C and humidity to 60%. BIA was double tested for all patients within 48 h after admission to the SCU and 1 week later. Before the measurements, the patients did not consume food and beverages for 3 h. Noting that all analyses were completed by the same operator. The participants were placed in a supine position where four electrodes were placed on their shaved hands and feet. We used a folding stretcher to measure the patients’ body weight during hospitalization. In addition to the phase angle (PhA) calculated from the impedance values at 50 kHz, the body composition comprising total body water, fat, and skeletal muscle mass was measured using BIA. PhA indicated muscle quality (19). To standardize the values, we used the skeletal muscle mass index (SMI) (20). Additionally, blood albumin levels were measured upon admission. Serum albumin was measured using method of Bromocresol purple (BCP).



2.2 Nutritional status

Malnutrition at admission was diagnosed using the Global Leadership Initiative on Malnutrition (GLIM) criteria (21), assessed via two categories, “phenotypic” and “etiologic,” although all the subjects in our study had stroke and were assessed in the “phenotypic” category. GLIM criteria do not describe muscle loss in the Japanese population. Therefore, we used the following two criteria; to assess and diagnose malnutrition: weight loss (>5% in the past 6 months or > 10% beyond 6 months) and low BMI (<18.5 for those <70 years old or < 20.0 for those >70 years old) (22).

To evaluate the nutritional status upon admission to the SCU, we assessed the geriatric nutritional risk index (GNRI), which is commonly adopted as an effective and simple risk index for the prognosis of mortality in hemodialysis and cardiovascular patients (23). The evaluation followed the GNRI formula: GNRI = (1.489 × albumin [g/L]) + (41.7 × [weight/WLo]), where WLo is the ideal body weight (kg) and is computed using the Lorentz equation (for men, H – 100 − [(H − 150)/4]; for women, H – 100 − [(H − 150)/2.5], where H is the height (cm)). In contrast, the daily calorie intake and their weekly average, considering their nutritional administration mode (oral, enteral, or intravenous), were recorded and calculated. Total daily caloric intake was based on the 2020 Dietary Reference Intakes for Japanese, which is defined by the Japanese Ministry of Health, Labor and Welfare (24). The amount of protein given was set at 1.2 g/kg/d. No patients had severe renal dysfunction that necessitated protein intake restriction. Tube and intravenous feeding dosages were similarly determined. In cases of oral intake, supplemental nutritional foods were used to avoid underestimating caloric intake. After 1 week, body composition and nutritional status were compared between the nutritional administration mode (oral, enteral, and intravenous).



2.3 Stroke care unit in Japan

The Japanese health insurance system recommends the immediate admission of patients with stroke to a specialized SCU (Suppl 1), where a rehabilitation specialist would develop a therapeutic program including physical, occupational, and speech therapy according to the patient’s medical conditions. We recorded the total number of hours of therapy provided to the patient during the first week of hospitalization. Subsequently, many patients were transferred to the rehabilitation unit for intensive rehabilitation intervention.



2.4 Statistical analysis

We used the independent t-test to assess differences between genders. Correlations between lack of malnutrition (GNRI >92), high SMI (men >7.0 kg/m2 and women >5.4 kg/m2), and high PhA (men >3.5° and women >3.0°) were estimated using odds ratios and 95% confidence intervals obtained from multivariate logistic regression models. Assuming that SMI and PhA vary between men and women, the analysis was conducted on a gender basis (25). The cutoff values of SMI were set according to the criteria of the older Japanese population (26) and the Asian Working Group for Sarcopenia (27). Each variable upon admission was compared between men and women using t-test. Given that 10 items were tested, Bonferroni correction set significance at 0.005. We ensured the normality of each data set using the Shapiro–Wilk method. All data were statistically analyzed using IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY, United States).




3 Results

This study included 166 Asian (Japanese) participants: 58 women and 108 men. Table 1 details the characteristics of the subjects. Compared with women, men were older and had higher weight and muscle mass and quality. No significant differences were detected for the other variables. There were no differences between men and women in the percentages of patients with diabetes or hypertension.



TABLE 1 Patients’ characteristics.
[image: Table1]

There were also no patients with high-capacity steroid use, thyroid dysfunction, pituitary tumors, or adrenal tumors that could affect nutrient metabolism. All patients were able to take food orally and were living at home prior to admission. After 1 week, SMI, muscle quality, and nutritional status significantly worsened in both men and women (Table 2). The multivariate analysis showed that rehabilitation intervention time and daily calorie intake were identified as factors influencing muscle mass loss after 1 week, and the nutritional status at the time of admission was considered a factor influencing muscle quality loss after 1 week. Stroke severity and daily calorie intake were also identified as factors influencing the deterioration of nutritional status after 1 week (Tables 3–5; p = 0.754, p = 0.812, and p = 0.689, respectively [Hosmer–Lemeshow test]).



TABLE 2 Subject’s clinical data on admission and 1 week after admission.
[image: Table2]



TABLE 3 Factors affecting the loss of muscle mass.
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TABLE 4 Factors affecting the decrease in muscle quality.
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TABLE 5 Factors affecting the decrease in GNRI.
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When comparing each nutritional administration mode over 1,200 kcal/day, no significant difference was detected in either muscle mass, muscle quality, or nutritional status after 1 week (Figure 2).

[image: Figure 2]

FIGURE 2
 Changes in muscle mass, muscle quality, and nutritional status 1 week after stroke according to the nutritional management method. There were no differences in muscle mass, muscle quality, and nutritional status 1 week after admission when comparing each method for feeding ≥1,200 kcal/day.




4 Discussion

Our study revealed that muscle mass, muscle quality, and nutritional status were significantly reduced during the hyperacute phase of stroke, regardless of gender. Patients with less loss of muscle mass had longer rehabilitation and higher nutritional intake. Patients with less loss of muscle quality had better nutritional status before stroke onset. Patients with less deterioration in nutritional status had less severe strokes and higher nutritional doses. To date, none of these reports have examined changes in body composition and nutritional status during the hyperacute phase of stroke.


4.1 Relationship between stroke, rehabilitation, and nutrition

Economic losses due to stroke are caused by not only the disease itself but also the loss of activities of daily living (ADL) resulting from poststroke disability. Therefore, to minimize the effects of poststroke disability, rehabilitation intervention should be provided as soon as possible (6). Previous studies have also evaluated the effectiveness of early and intensive rehabilitation interventions (6, 28). However, some patients may struggle to benefit from rehabilitation intervention, especially those with nutritional disorders (29, 30). Additionally, our studies have shown that the effectiveness of stroke rehabilitation is greatly influenced by nutritional status and body composition, such as muscle mass and quality (9, 10). In contrast, both nutritional status and muscle mass decrease in many patients after stroke (31, 32).

According to previous reports, the prevalence of malnutrition in patients with stroke ranges from 6.1 to 62% (33), which is consistent with our findings. Malnutrition is associated with increased incidence of infections, pressure ulcers, gastrointestinal bleeding, prolonged hospital stays, and high mortality rates during hospitalization. In addition, in patients with recovery-phase stroke, malnutrition impedes ADL improvement (9).

Rehabilitation intervention is effective for functional recovery after stroke. However, to enhance it, it is necessary to prevent any deterioration in nutritional status and muscle mass and quality (34). To date, no studies have reported the measurement of nutritional status and muscle mass and quality during the hyperacute phase of stroke.



4.2 Relationship between hyperacute stroke, muscle mass, and muscle quality

In this study, nutritional status and muscle mass and quality were measured immediately after stroke onset and 1 week later during the hyperacute phase. Factors that might influence these changes were examined. The results showed that muscle mass was preserved when both rehabilitation intervention time and nutritional administration were increased, which emphasizes the importance of rehabilitation and nutritional management in the hyperacute phase of stroke, as previously indicated (6, 27). Additionally, a healthier nutritional status before stroke onset may prevent any potential muscle quality loss. However, a longer hospitalization period increases the development of muscle catabolism (35), which also progresses with insufficient protein intake, nutritional disorders, and cachexia (36). Therefore, appropriate rehabilitation and nutritional management are thought to halt these catabolic processes.

Poor muscle quality has been shown to delay functional recovery in stroke rehabilitation (9, 10), which is consistent with the importance of nutritional management before hospitalization. Risk factors for stroke include hypertension, dyslipidemia, diabetes mellitus, and other diseases that directly affect nutritional status (37, 38). These relative disorders are common among the elderly, who are primary stroke candidates (39, 40). Appropriate nutritional guidance for groups with these risk factors is considered crucial for an improved health economic policy, both for stroke prevention and for early reintegration into society. As muscle quality begins to deteriorate with an increase in connective and adipose tissues within the skeletal muscle fibers (41–43), a poor premorbid nutritional status may lead to an early muscle catabolism due to either the rest period caused by the disease itself or myosteatosis, which is an inflammatory response after the disease (44).

Stroke severity and nutritional dosage were identified as factors that may worsen the nutritional status in the hyperacute phase of stroke. It has been reported that oral nutritional intake becomes more difficult with increasing stroke severity (45). Furthermore, the prevalence of dysphagia in stroke is estimated to be up to 80%, which also increases with stroke severity (46). Thus, there is a close relationship between stroke severity and nutritional disorders, which may explain the results seen in this study.

Although the study population consisted of stroke patients, 75% of the patients were ischemic, and the remainder were hemorrhagic. This proportion aligns with the proportion of strokes in Japan (47), indicating no bias in the study population. The NIHSS severity guided our analysis, as stroke symptoms are more closely related to disability extent than stroke type.



4.3 Hyperacute stroke and nutritional administration mode

Moreover, in the hyperacute phase of stroke, no significant differences in muscle mass, muscle quality, or nutritional status were found after 1 week of oral, enteral, or intravenous feeding when compared with groups receiving the same amount of diet (≥1,200 kcal/day). However, enteral feeding, which is recommended by ESPEN Guidelines in patients with stroke (48), may be difficult in the hyperacute phase because of repeated vomiting caused by cerebellar symptoms and cerebral hypertension. Enteral nutrition is less likely to cause symptoms such as vomiting, nausea, and discomfort due to increased abdominal pressure, symptoms that make rehabilitation difficult. Therefore, patients who have difficulty with enteral nutrition should not be fasted easily, but should first be treated with intravenous nutrition and then transitioned to enteral nutrition after a thorough evaluation.

Inflammatory cytokines and hormones induced by invasion increase the rate of degradation of endogenous proteins (3 times that of normal), inhibit increased protein catabolism and anabolism, and cause symmetrical limb muscle weakness due to prolonged bed rest (49, 50).

In patients with multiple organ dysfunction, muscle mass is reduced by up to 1 kg/day due to hypercatabolism within 10 days after admission to the ICU (51). To replenish this loss of protein, 1.2 to 2.5 g/kg/day of protein should be administered to promote protein synthesis and maintain muscle mass (52).



4.4 Limitations

This study has several limitations. First, the study was conducted in one institution, which may have biased the patients’ demographics. The study was conducted in a central regional medical center, minimizing bias due to patient transport from a regional area with a population of approximately two million. Second, there is a large difference between gender, male to female ratio was approximately 2:1, and the number of cases may not be sufficient, particularly for women. Therefore, we analyzed data using rates of change to consider differences in muscle mass and nutritional status between men and women. Third, the nutritional doses were determined solely on the basis of the total calorie counts without considering the nutritional composition (carbohydrates, fat, protein, salt, sugar, fibers, vitamins, and minerals). In particular, the protein content should have been measured accurately because it directly affects muscle anabolism. Additionally, in oral intake, the real calorie count ingested could be underestimated in the case of leftovers. Fourth, although patients with severe cognitive impairment were excluded in this study, other patients’ preadmission comorbidities, medications, ADLs, and physical functions that could affect the results were not considered. Fifth, the decline in muscle mass and quality observed in this study may have been influenced by the patients’ pre-stroke lifestyle and diet. We were unable to ascertain the patients’ lifestyle prior to hospitalization in this study, and we cannot deny the possibility that this may have influenced the results of this study. Sixth, in this study, the measurement of rehabilitation is focused on time, which complicates assessing the workload, as treatment varies according to patient’s condition. Therefore, the amount of workload applied during the same time of rehabilitation is not similar to patients with minor strokes and those with severe strokes. We recommend considering a method that indirectly measures the amount of workload, via an activity meter instance.




5 Conclusion

Muscle mass, muscle quality, and nutritional status were significantly reduced in both men and women within the first week after stroke onset. Patients with shorter rehabilitation time and less nutritional administration had a higher risk of muscle mass loss. Patients with poor nutritional status at admission were at higher risk of muscle quality loss. Patients with higher stroke severity and lower nutritional intake were at higher risk of developing undernutrition. There were no differences in muscle mass loss, muscle quality loss, or worsening nutritional status due to different nutritional administration methods in the hyperacute phase of stroke. In hyperacute stroke, patients who have difficulty with enteral nutrition should not choose fasting, but should instead choose intravenous nutrition. In the hyperacute phase of stroke, it is important to provide nutritional support and rehabilitation to patients as early as possible.
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