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Abstract: Controlling Nutritional Status (CONUT) Score is useful for the nutritional screening. We
aimed to explore whether the CONUT score may predict a 3-month functional outcome in hemorrhagic stroke (AHS). Totally, 349 patients with incident AHS were consecutively recruited, and their
malnutrition risks were determined using a high CONUT score of ≥ 2. Poor functional outcomes
were defined as the modified Rankin Scale (mRS) score of ≥ 3 at 3 months. A total of 328 patients
(mean age, 60.4 ± 12.83 years; 66.8% male) were included, 172 (52.40%) patients at malnutrition risk
and 104 (31.7%) patients with a poor prognosis. High-CONUT patients had lower total lymphocyte
counts and total cholesterol levels than low-CONUT patients (p < 0.001 and p = 0.012). At 3-month
post discharge, patients with malnutrition risk had higher hospitalization costs (p = 0.021), lower
Barthel Index (p = 0.001), and more infectious complications (p = 0.002) than those without, and
there was a greater risk for poor functional outcomes in the high-CONUT compared with the lowCONUT patients at admission (adjusted odds ratio: 2.32, 95% confidence interval: 1.28-4.17). HighCONUT scores predict a 3-month poor prognosis in AHS, which may help identify the AHS patients
who need additional nutritional managements.
Keywords: Controlling Nutritional Status Score; Hemorrhagic stroke; Nutrition screening; Prognosis; Modified Rankin Scale

1. Introduction
Stroke is increasingly recognized as a major cause of mortality and disability worldwide, leading to a high economic cost in the treatment period, especially in poor prognosis
[1-3]. Clinical data showed that the nutritional status was poor in patients with stroke
during several weeks after the acute onset, and the malnutrition risk was likely to be a
crucial factor associated with poor prognostic outcomes [4, 5], because it may allow the
prediction of treatment tolerability and functional progression [6]. Given that the malnutritional condition is an independent risk factor for poor prognosis that caused an increase
in length of the average hospital stay, poor prognosis after discharge, and disability-related hospital costs [7-9], the nutritional screening tools are necessary to identify the stroke
patients at a nutritional risk for developing an opportune nutrition care or medical support [10].
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ESPEN (European Society of Clinical Nutrition and Metabolism) guideline for clinical nutrition in neurology has
suggested that the risk of malnutrition should be evaluated in stroke patients within 48 hours on admission to identify
prognostic factors for tailored treatments [11]. Several quantitative tools with scoring scales are developed to assess
nutritional risk, postoperative complications, and long-term outcomes, such as the prognostic nutritional index (PNI)
and Nutritional Risk Screening index (NRS-2002) [12, 13]. Controlling Nutritional Status (CONUT) can be calculated
from two biochemical parameters (serum albumin and cholesterol levels) and one immune indicator (total lymphocyte counts) [14], which are representative markers of protein reserves, calorie deficiency, and impaired immune defenses, respectively. As Compared to the previous screening tools, the CONUT is more easily calculated from the data
in blood measurements and is a newly proposed scoring system that allows the comprehensive assessment in patients
in hospital settings.
Although previous studies have investigated the prognostic usefulness of the CONUT for determining the survival
in patients with gastric cancer, malignant pleural mesothelioma, and colorectal cancer undergoing gastrostomy [15-17],
clinical data using the CONUT score to predict stroke prognosis were scarce. Recent studies including our group’s
clinical epidemiological investigations showed that the CONUT score was associated with a poor prognosis and high
all-cause mortality in acute ischemic stroke (AIS) [18-21]. Nevertheless, it is currently unclear whether the CONUT
scores were effective for determining the 3-month functional prognosis in hemorrhagic stroke (AHS). The purpose of
the current study was primarily to investigate the usefulness of the CONUT score for predicting a 3-month AHS prognosis, and secondarily to compare the prognostic accuracy of CONUT with the corresponding accuracies of NRS-2002.
2. Materials and Methods
2.1 Study design
This was a multi-center, prospective hospital-based epidemiological study. Patients who had neuroimaging-confirmed acute hemorrhagic stroke (AHS) and admitted in hospitals within one week after the sudden onset were enrolled
in five major hospitals in Wenzhou regions of Zhejiang province, China, including the First Affiliated Hospital of Wenzhou Medical University, Ruian People’s Hospital, Yueqing People’s Hospital, Yongjia People’s Hospital, and Pingyang
People’s Hospital. All of the participants provided written informed consent, and the study protocol was approved by
the Clinical Research Ethics Committee of the five hospitals mentioned above.
2.2 Study participants
Clinical data were collected by the same professionally trained investigator using the electronic medical records at
three different points: within 48 hours after admission, with 48 post discharge, and 3 months post discharge. The following data were collected including demographic variables (age, gender, BMI), stroke-related comorbidities (hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, coronary heart disease), clinical assessments (NIHSS score
and Barthel Index), and laboratory biochemical parameters (serum albumin, total lymphocytes and total cholesterol).
The National Institutes of Health Stroke Scale (NIHSS) was used to evaluate the stroke severity on admission. The
Barthel Index (BI) was used for the evaluation of activities of daily living (ADL). At the end of the 3 months after discharge, the data on the follow-up measures were collected by phone. A total of 349 patients with a medical diagnosis of
AHS were consecutively enrolled from October to November in 2018. Of those, 21 patients were excluded because they
missed a 3-month morbid assessment using the modified Rankin Scale (mRS).
2.3 CONUT score and NRS-2002
We used the CONUT score and the NRS-2002 for nutritional risk assessments. The CONUT score was calculated
from the levels of three laboratory parameters including serum albumin, lymphocytes, and total cholesterol [14]. We set
2 as the cut-off value for CONUT score by a receiver operating characteristics (ROC) curves analysis (Figure S1) and
categorized the patients into low-CONUT and high-CONUT groups according to the CONUT score: no or low risk of
malnutrition (0-1) and high malnutrition risk (2-12). The NRS-2002 score of ≥ 3 points indicates the patient is at nutritional risk [22], considering that impaired nutritional status, the severity of the disease, and patients’ age. Screening
details on the CONUT and NRS-2002 scores were summarized in Table S1 and Table S2, respectively.
Body mass index (BMI) was calculated from the preoperative heights and weights of the study individuals, which
were measured by our medical staff within a few hours after admission to hospital. The cutoff value of BMI < 18.5kg/m2
was defended as a malnutrition according to the World Health Organization standard.
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2.4 Outcome measurements
The modified Rankin Scale (mRS) was applied to assess the degree of disability in stroke patients, and primary
outcome was a poor functional prognosis with a mRS score of 3-6 at 3-month post discharge [23]. The secondary outcomes were an all-cause mortality at the 3-month post discharge, length of hospital stay (LOS), the ability at hospital
discharge (evaluated by NIHSS score), ADL at hospital discharge (assessed by Barthel Index), hospitalization costs,
nutritional support, and rates of complications during hospitalization.
2.5 Statistical Analysis
Data were expressed as percentages for categorical variables and median (interquartile range, IQR) or mean (standard deviation, SD) for continuous variables according to their normal distributions that were evaluated by using the
Kolmogorov–Smirnov test. When comparing the difference in baseline valuables and follow-up outcomes between
high-CONUT and low-CONUT groups, a t-test analysis was performed for the continuous normal-distribution data
and the Mann-Whitney U test for the non-normal data, while the Chi-square test was used for categorical variables. To
analyze the impact of malnutrition risk on primary poor outcomes at 3 months of follow-up, odds ratios (OR) with 95%
confidential intervals (95% CI) were estimated by a univariate and multivariate-adjusted logistic regression model, respectively. The multivariate analyses were set to examine the association of CONUT or NRS-2002 scores with the primary outcomes (poor functional prognosis assessed by mRS). Age, gender, BMI, lifestyle factors, NIHSS scores, and
marginally unbalanced variables at baseline (hypertension, hyperlipidemia and Batherl Index) that may have potential
impacts on the prognostic endpoints were taken as independent covariates adjusted in the multivariate model. We
established a statistical significance at the level of p < 0.05. All data were performed by the IBM SPSS Statistics (version
20.0). Receiver operating characteristic curves (ROC) with a calculation of the area under the curve (AUC) was made by
Medcalc (version 19.5.3).
3. Results
Among 349 AHS patients，328 patients were successfully followed-up for 3 months after discharge. Of these, the
mean age was 60.38 years and the proportions of men were 66.77%. Totally, 172 (52.44%) patients were at malnutrition
risk assessed by using the CONUT score, 104 (31.71%) at malnutrition risk by the NRS-2002, and 16 (4.88%) at malnutrition status with BMI < 18.5 kg/m2.
3.1 Baseline characteristics
The AHS participants’ baseline demographic and clinical characteristics are shown in Table 1. The levels of total
lymphocytes and total cholesterol were lower in the low-CONUT compared with the high-CONUT groups (p < 0.001
and p = 0.012, respectively). The high-CONUT patients tend to have lower proportions of hyperlipemia and higher
hypertension than the low-CONUT patients, but the differences did not reach statistically significant (p = 0.068 and p =
0.155, respectively). No statistical differences were found between the two groups in demographic (age, gender, and
BMI), lifestyle (smoking and drinking history) and other clinical characteristics (prevalent comorbidities and strokerelated scale assessments).
Table 1. Baseline demographic and clinical characteristics by CONUT score in the included AHS patients
Characteristics
Demographic factors
Age, mean±SD (year)
Male, n (%)
BMI, mean±SD (kg/m2)
Lifestyle factors
Smoking history, n (%)
Drinking history, n (%)
Clinical prognosis factors
Atrial fibrillation, n (%)

Total
(n=328)

CONUT scores
0-1(n=156)
2-12 (n=172)

p-value 1

60.38±12.83
219(66.77)
24.23±4.01

59.45±13.24
105(67.31)
24.09±4.25

61.23±12.41
113(65.69)
24.38±3.77

0.209
0.666
0.546

103(31.40)
113(34.45)

53(33.97)
58(37.18)

50(29.07)
55(31.98)

0.339
0.322

20(6.10)

9(5.77)

11(6.40)

0.813
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Hypertension, n (%)
Diabetes mellitus, n (%)
Hyperlipidemia, n (%)
Previous stroke, n (%)
Barthel Index, median (IQR)
NIHSS score, median (IQR)
Laboratory parameters
Albumin, mean±SD, g/dL
Total lymphocytes, mean±SD, 109/L
Total cholesterol, mean±SD, mmol/L

269(82.01)
70(21.34)
153(46.64)
34(10.37)
35(20-55)
4(1-9)

123(78.85)
35(22.44)
81(51.92)
15(9.62)
35(20-55)
5(2-9)

146(84.88)
35(20.35)
72(41.86)
19(11.05)
35(20-50)
4(1-9)

0.155
0.645
0.068
0.575
0.227
0.545

3.85±0.44
1.48±0.62
5.11±1.31

3.87±0.40
1.62±0.54
5.32±1.18

3.83±0.48
1.35±0.59
4.93±1.40

0.407
<0.001
0.012

Abbreviations: CONUT, Controlling Nutritional Status; AHS, acute hemorrhagic stroke; BMI, body mass
index NIHSS, National Institute of Health stroke scale; IQR, interquantile range
1 P value indicate a statistical significance between low-CONUT and high-CONUT score groups by using
a t-test.

3.2 Primary and secondary outcomes
The comparisons of primary and secondary outcomes between the low-CONUT and high-CONUT groups is presented
in Table 2. Totally, 104 (31.71%) patients had primary poor outcomes according to the mRS assessment, with a higher
proportion of poor prognosis in the high-CONUT than that in the low-CONUT groups (38.37 vs. 24.36, p = 0.010). For
individual secondary outcomes, patients at risk of malnutrition (high-CONUT scores) had more hospitalization costs
(p = 0.021), NIHSS scores (p = 0.012), nutritional support (p = 0.007) during hospitalization, and infectious complications
(p = 0.002) as well as a lower Barthel Index (p = 0.001) post discharge than those at no or low risk.
Table 2. Primary and secondary outcomes grouped by CONUT score in the AHS patients

Individual Outcome
Primary outcome measurements
Follow-up mRS, median (IQR)
Poor outcome (MRS of 3-6), n (%)
Secondary outcome measurements
Length of hospital stay, median (IQR), day
Hospitalization costs, median (IQR),103
(CNY)
NIHSS scores, median (IQR)
Barthel post discharge, median (IQR)
Dysfunction after discharge（Bathel≤60）
Nutrition support, n (%)
Infectious complications, n (%)
All-cause Mortality, n (%)

CONUT scores

p-value 1

0-1 (n=156)

2-12 (n=172)

1 (0-2)
38 (24.36)

1.5 (1-4)
66 (38.37)

0.003
0.010

11 (8-15)

12 (9-16)

0.313

13 (10-21)

16 (10-29.75)

0.021

2 (0-5)
55 (40-90)
90 (57.69)
15 (9.62)
33 (21.15)
7 (4.49)

3 (1-8)
45 (20-70)
110 (63.95)
35 (20.35)
63 (36.63)
12 (6.98)

0.012
0.001
0.070
0.007
0.002
0.335

Abbreviations: CONUT, Controlling Nutritional Status; AHS, acute hemorrhagic stroke; NIHSS, National
Institute of Health stroke scale; IQR, interquartile range
1 P value indicate a statistical significance between low-CONUT and high-CONUT score groups by using a ttest.

3.3 Poor outcome in relation to CONUT and NRS-2002 scores
Association of the CONUT and NR-S2002 scores with a 3-month poor prognosis in the AHS Patients was presented in Table 3. Patients with high-CONUT scores had a higher risk of the poor functional prognosis than those
with low-CONUT scores (OR = 1.93; 95% CI: 1.20-3.12; p = 0.043), and this association remained to be statistically significant in the multivariate-adjusted model (adjusted OR = 2.32; 95% CI: 1.28-4.17; p = 0.005). Also, the high NRS-2002
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scores of 3-7 were associated with the poor outcome compared with the low NRS-2002 scores of 1-2, with a crude OR
of 2.00 (95% CI:1.23-3.26; p = 0.005) and multivariate-adjusted OR of 1.93 (95% CI:1.02-3.62; p = 0.043).
Table 3. Association of CONUT and NRS200with a 3-month poor prognosis in the AHS Patients

Variables
CONUT (2-12 vs. 0-1)
NRS2002 (3-7 vs. 0-2)

Crude model
OR1
1.93
2.00

95% CI
1.20-3.12
1.23-3.26

Adjusted model

P-value
0.007
0.005

OR1
2.32
1.93

95% CI
1.28-4.17
1.02-3.62

P-value
0.005
0.043

Abbreviations: CONUT, Controlling Nutritional Status; NRS2002, Nutritional Risk Screening;
AHS, acute hemorrhagic stroke; OR, odds ratio; CI, confidence interval.
1 ORs with 95% CIs for the incident 3-month poor functional outcome were estimated by using
a crude logistic model and a multivariate model with full adjustments for age, gender, BMI,
lifestyle factors, hypertension, hyperlipidemia, NIHSS scores, and Batherl Index, respectively.

3.4 Subgroup analysis
Pre-specified subgroup analyses on the CONUT score in predicting the 3-month poor AHS outcomes were shown
in Table S3. As compared to no malnutrition risk assessed by the low-CONUT score, malnutrition risk by high-CONUT
score was independently associated with poor functional outcomes in the following strata of male (OR = 2.70; 95% CI:
1.28-5.68; p = 0.009), age ≤ 65 (OR = 2.71; 95% CI: 1.28-5.74; p = 0.009), hypertension (OR = 2.12; 95% CI: 1.11-4.04; p =
0.023), hyperlipidemia (OR = 3.45; 95% CI: 1.43-8.31; p = 0.006), Barthel Index ≤60 (OR = 2.14; 95% CI: 1.10-4.16; p = 0.024),
and NIHSS <8 (OR = 2.98; 95% CI: 1.42-6.23; p = 0.004), respectively.
3.5 Receiver operating characteristics curve (ROC)
ROC comparisons between the CONUT and NRS-2002 scores in predicting the 3-month poor outcomes in the
AHS patients were demonstrated in Figure S1 and Table 4. The estimated values of AUC were 0.58 (95% CI: 0.52–0.64,
p = 0.016; sensitivity: 63.46%, specificity: 52.68%) for the CONUT and 0.60 (95% CI: 0.54–0.65, p< 0.001; sensitivity:
48.08%, specificity: 73.21%) for the NRS-2002, respectively. No significant difference in the estimated AUC was found
between the two score systems (p = 0.603).
Table 4. ROC comparisons of CONUT with the NRS-2002 in predicting the 3-month prognosis outcome in AHS.

NSTs
CONUT scores
NRS-2002

AUC (95% CI)
0.58 (0.52–0.64)
0.60 (0.54–0.65)

mRS
P-value
0.016
<0.001

Best cutoffs (Se, Sp)
≥2 (63.46%, 52.68%)
≥3 (48.08%, 73.21%)

Abbreviations: AUC, area under the curve; ROC, receiver operator characteristic curve; CI, confidence interval; NSTs, Nutrition screening tools; mRS, The Modified Rankin Scale; CONUT, Controlling Nutritional Status; NRS, Nutritional Risk Screening; Se, sensitivity; Sp, specificity.

4. Discussion
The present study demonstrated that the patients with high-CONUT scores had a poor functional outcome evaluated by the MRS value of 3-6 compared to those with low-CONUT scores at 3 month of follow-up, and the CONUT, as
a nutritional risk assessment tool, could be effective in predicting a 3-month functional prognosis in AHS. Such findings
provide new evidence to support the prognostic value of CONUT in AHS and further develop a novel notion that the
CONUT scores help identify the AHS patients who need additional nutritional managements, which may complement
the gap in the stroke-related clinical practice.
One major finding of our study weas the CONUT appeared to be more sensitive than the NRS-2002 in identifying
the AHS patients at malnutritional risk. Based on the accumulating evidence from the extensive clinical studies, stroke
patients may have a high risk of malnutrition, which, in turn, are clearly related to a poor clinical prognosis [10, 24, 25].
To precisely predict the functional prognosis in clinical practice, there are currently many clinical guidelines that recommend the necessity for nutritional risk screening and nutritional management in stroke [14, 26, 27]. NRS-2002 score
has been widely used to screen the nutritional risk in the critically ill hospitalized patients, with a high sensitivity and
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accuracy that have been repeatedly confirmed [13, 28, 29]. Unfortunately, the NRS-2002, in which the items need to be
obtained by face-to-face inquiry, is not well applied in one third of stroke patients who have experienced aphasia [30].
Alternatively, as an emerging screening tool, CONUT has been widely used for the nutritional risk assessment in many
hospitalized patients [31-33], including the AIS patients [12, 34, 35]. CONUT was calculated from laboratory indicators
during hospitalization, which is quick, convenient and can be carried out without increasing the financial burden substantially. As showed in our study, there seemed to be a lower prevalence of patients at malnutrition risk assessed by
the NRS-2002 (31.7%, 95%CI: 26.9%-36.9%) than that by the CONUT (52.4%, 95%CI: 47.0%-58.0%), suggesting that CONUT scores might have been more sensitive in nutritional risk assessment than NRS-2002.
Another major result from our study showed that patients with malnutrition risk determined using the CONUT
score had higher rates of poor AHS outcomes than those without, and the malnutrition risk assessed by the CONUT
was found to be positively associated with a poor prognosis. The CONUT has been widely used to predict prognosis in
cancer and postoperative [33, 36, 37], and recent epidemiological studies have well documented the prognostic role of
the CONUT score in AIS [34, 38]. For example, in a clinical analysis of the 1,518 AIS patients, malnutrition was independently associated with poor outcomes in patients with cardioembolic stroke (OR: 3.25, 95% CI: 1.02–10.4). This assentation was also seen in our recent study and a previous clinical investigation that proved that the CONUT score at
admission could be a useful prognostic marker for a 3-month functional outcome in patients with AIS [20, 21]. Compared with the previous studies, our current study found the post-discharge patients with risk of malnutrition, according to CONUT score, were more likely to have higher NIHSS scores, rates of infectious complications, and hospitalization costs as well as lower Barthel Index than those without those. The AHS patients with nutritional risk also showed
higher adverse functional prognosis at the 3 months of follow-up, as illustrated by mRS ≥ 3, and the risk of malnutrition
based on CONUT was independently associated with 3-mongth prognosis. In addition, to compare the CONUT with
the well-known NRS-2002 in predicting the AHS prognosis, ROC analyses found the NRS-2002 to be not superior to the
CONUT as a comprehensive nutritional indicator, suggesting that both CONUT and NRS-2002 scores are likely to be
equally effective in predicting the AHS prognosis. Give an operational merit with a simple application in clinical followup, the CONUT might be preferentially recommend for evaluating the malnutrition risk in AHS patients on admission.
In stratified analyses, the prognostic value of CONUT in AHS was more significant in several subgroups of male,
age at less than 65 years, prevalent hypertension, Barthel Index ≤ 60, and NIHSS scores < 8. There are several possible
reasons for explaining the current subgroup findings. Firstly, men lose more lean mass than women with the development of ageing4, which perhaps resulted in a higher risk of poor prognosis in male than in female patients. For example,
in an observational epidemiological study of 3,286 elderly patients, the effects of malnutrition in men on health-related
quality of life (HRQoL) were stronger than in women [39]. Another possibility was that there appeared to be some
additional impacts on the estimated prediction with the CONUT scores, such as the damage degree of stroke. As defined
by Barthel Index ≤ 60, AHS patients experienced a moderate to severe decline in ADL on admission that is confirmed
to be associated with a poor prognosis. In contrast, in patients with a mild decline in ADL, patients with nutritional risk
had a 37% higher risk of poor prognosis than those without, but this trend was not statistically significant. Similar
predictive results were also more significant in the subgroup with the NIHSS scores < 8 and Barthel Index < 60, but the
lack of statistical significance may be attributed to the small sample sizes of the two individual subgroups with NIHSS
≥ 8 or Barthel Index > 60, and thus nutrition screening by CONUT should be carried out in AHS regardless of the
influence to ADL or the severity of the disease. Third, patients with hypertension tended to have nutrition risk or prevalent malnutrition [5], and malnutrition survivors are likely to develop excess hypertension in their later life [40]. Our
subgroup analysis showed the CONUT score in predicting AHS outcome was more significant in patients with BMI ≥
18.5, hypertension or dyslipidemia than in those without, suggesting that cardiometabolic risk factors would increase a
possibility to magnify the prognostic role of the CONUT in predicting AHS outcomes.
Our study has several potential highlights. First, this is the first clinical prospective study that aimed to investigate
whether the malnutrition risk determined by CONUT would have a prognostic value in AHS. Compared with previous
studies that proved NRS-2002 score is a predictor in stroke, we advised the CONUT to be as a simple nutritional indicator for predicting AHS prognosis. Second, selection bias is likely to be minimized because the patients who were lack
of ability to communicate with investigators were not excluded. Third, our current results showed that the malnutrition
risk is a predictor of poor prognosis in AHS, which may contribute to an updated change in clinical nutrition practice.
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There are some deficiencies that merit further considerations. The main limitation of the present study is that the
number of sample patients is not large enough to reach a sufficient statistic power. Second, the 3-month duration of
follow-up is relatively short, thus the current finding needs to be explained with more cautiousness and further verified
in a long-term prospective study. Third, since a standardized procedure in nutrition risk assessment is currently lacking,
it is difficult to compare the sensitivity and specificity of CONUT with NRS-2002 in predicting outcomes. Forth, due to
the lacked details in nutritional information, including dietary intake, weight change during hospitalization, active intervention, and functional rehabilitation, the impacts upon the individual nutritional status could not be eliminated in
the present study. Further prospective clinical studies are needed to determine whether nutritional intervention or therapy would better the prognostic outcome in stroke. Lastly, the possibility that the laboratory components of the CONUT
score might be easily affected by concurrent disorders including infectious and inflammatory diseases other than nutritional status at mission could not be excluded, and thus it is necessary to conduct the nutritional risk assessment determined by using the CONUT scores at regular intervals during the period of the follow-up. In the following study, we
will also continue to more accurately examine the prognostic value of the CONUT in the long-term stroke prognosis.
5. Conclusions
AHS patients with malnutrition risk had a poorer prognosis than those without at 3 months of follow-up, and the
malnutrition status assessed using the CONUT score was independently associated with poor functional outcome in
AHS. Given simplicity and convenience required in clinical practice, the CONUT scores should be advised to identify
the AHS patients who need additional nutritional management.
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