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Abstract
Background In cancer, malnutrition is common and negatively impacts tolerance and outcomes of anti-tumor therapies. The 
aim of this study was to evaluate the prevalence of malnutrition risk and compare the clinicodemographic features between 
those with high malnutrition screening tool (MST) scores (i.e., ≥ 2 of 5 = high risk for malnutrition, H-MST) to low scores 
(L-MST).
Methods A cohort of 3585 patients (May 2017 through December 2018), who completed the MST at least once at the time 
of diagnosis of any stage solid tumor, were analyzed. Logistic regression tested for associations between clinicodemographic 
factors, symptom scores, and H-MST prevalence.
Results The median age was 64 years (25–75 IQR, 55–72), with 62% females and 81% White. Most common tumor primary 
sites were breast (28%), gastrointestinal (GI) (21%), and thoracic (13%). Most had non-metastatic disease (80%). H-MST was 
found in 28%—most commonly in upper (58%) and lower GI (42%), and thoracic (42%) tumors. L-MST was most common 
in breast (90%). Multivariable regression confirmed that Black race (OR 1.9, 95% CI 1.5–2.4, p =  < 0.001), cancer primary 
site (OR 1.6–5.7, p =  < 0.001), stage IV disease (OR 1.8, 95% CI 1.4–2.2, p =  < 0.001), low BMI (OR 4.2, 95% CI 2.5–6.9 
p =  < 0.001), and higher symptom scores were all independently associated with H-MST.
Conclusions Twenty-eight percent of solid tumor oncology patients at diagnosis were at high risk of malnutrition. Patients 
with breast cancer rarely had malnutrition risk at diagnosis. Significant variation was found in malnutrition risk by cancer 
site, stage, race, and presence of depression, distress, fatigue, and trouble eating/swallowing.
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Introduction

In cancer, multiple factors contribute to malnutrition includ-
ing tumor-related symptoms (e.g., anorexia, early satiety, 
fatigue), treatment-related complications (e.g., dysgeusia, 
mucositis, nausea), and psychological distress. [1] The 
prevalence of cancer-related malnutrition ranges from 30 to 
80% in ambulatory and hospitalized patients. [2–7] Malnu-
trition has profound negative effects on performance status 
(PS), psychological well-being, and overall quality of life 
(QoL). [8–10] Importantly, malnutrition is a predictor of 
cancer survival independent of cancer site, PS, or stage. [11] 
Despite this, routine screening for malnutrition in oncology 
is the exception with underutilization of potentially helpful 
nutritional support services. [12–15]

Guidelines from the European Society for Clinical Nutri-
tion and Metabolism (ESPEN) support universal nutritional 
screening as it might allow early nutritional interventions. 
[16] Multiple validated malnutrition screening tools of var-
ying structure are available and incorporate patient, clini-
cian, and objective data. [17, 18] Developed in 1999, the 
malnutrition screening tool (MST) is a short tool validated 
in oncology outpatients (Table 1). [3, 19, 20] An observa-
tional, cross-sectional study of 50 chemotherapy patients 
determined relative MST validity compared to the Patient-
Generated Subjective Global Assessment (PG-SGA). MST 
was a strong predictor of malnutrition risk relative to the 
PG-SGA (100% sensitivity, 92% specificity, 0.8 positive 
predictive value, 1.0 negative predictive value). [21] Due to 

its ease of administration and test characteristics, the MST 
can screen cancer patients with relatively high sensitivity 
and specificity.

In January 2017, the Levine Cancer Institute (LCI), a 
high-volume, not-for-profit tertiary care academic-commu-
nity cancer center, initiated an electronic distress screening 
(EDS) process. This aimed to screen all ambulatory oncol-
ogy patients via an electronic tablet at initial consultation. 
The EDS includes patient-reported demographic, physical, 
and psychosocial parameters and linked to the electronic 
medical record. The MST was added to the EDS in May 
2017 to identify those at high risk for malnutrition.

As the largest studies of malnutrition screening in oncol-
ogy are from non-US populations, it is imperative to under-
stand the prevalence of patient-reported malnutrition and 
associated clinicodemographic and physical/psychologic 
characteristics in a large US cohort. [7, 11, 22] This ret-
rospective study analyzed a patient cohort with any solid 
tumor who completed the MST at diagnosis. Specifically, we 
compared the clinicodemographic features of those at high 
risk for malnutrition to those with low risk and identified 
features associated with high risk.

Methods

Design

A retrospective review was conducted of adult 
patients ≥ 18 years of age diagnosed with any stage solid 
tumors and who completed at least one MST between May 
2017 and December 2018. The Institution Review Board 
for Atrium Health approved this study, and requirements 
for consent were waived. The Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) state-
ment was used as a guide for this manuscript. [23]

Setting

LCI is a high-volume, not-for-profit tertiary care academic-
community “hybrid” cancer center with a catchment area 
across 25 care locations in North and South Carolina.

Data sources and variables

Data sources

The LCI EDS database registry, the enterprise data ware-
house, and the institutional tumor registry identified patients 
and variables.

Table 1  Malnutrition screening tool

* Subjects who score 2 to 5 are at risk for malnutrition. Reprinted 
from Nutrition, Volume 15, Issue 6, “Development of a valid and 
reliable malnutrition screening tool for adult acute hospital patients,” 
Ferguson M et al. Pages 458–464, Copyright 1999, with permission 
from  Elsevier20

Question Score

Have you lost weight recently without trying?
  No 0
  Unsure 2
  Yes See below

If yes, how much weight (kg) have you lost?
  1–5 1
  6–10 2
  11–15 3
   > 15 4

Unsure 2
Have you been eating poorly because of a decreased appetite?
  No 0
  Yes 1

Total*
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Variables

Cancer type and stage at diagnosis were obtained from the 
institutional tumor registry. Cancer diagnostic groups were 
established which included breast, genitourinary (GU), 
gynecologic (GYN), head and neck (H&N), lower gastro-
intestinal (GI), other, thoracic, and upper GI. Sociodemo-
graphic variables included age at diagnosis, race, and sex. 
Patient characteristics included alcohol or tobacco use, 
height (cm.), and weight (lbs.) (used to derive BMI [kg/
m2]) [24].

The EDS included the MST and patient-reported symp-
toms (anxiety, constipation/diarrhea, depression, distress, 
fatigued or tired, nausea/vomiting, pain, and trouble eating/
swallowing). MST scores range from 0 to 5 with scores ≥ 2 
indicating high risk for malnutrition (H-MST) and 0–1 low 
risk for malnutrition (L-MST). [21] Anxiety was measured 
using the two-item Generalized Anxiety Disorder (GAD-2) 
score range 0–6. [25] GAD-2 scores of ≥ 3 are associated 
with high sensitivity and specificity for generalized anxiety 
disorder. Depression was assessed using the validated two-
item Patient Health Questionnaire (PHQ-2) score range 0–6. 
[26] PHQ-2 scores of ≥ 3 are associated with high sensitivity 
and specificity for major depression; it has been validated 
in oncology. [27] Distress was based on a single item “How 
much distress have you been feeling in the past week?,” low 
versus high, ≥ 4 on 0–10 scale. A single item distress score is 
supported by the National Comprehensive Cancer Network 
(NCCN) Distress Management Panel. [28] All other symp-
toms were measured for severity on a 0–10 scale, a higher 
number reflecting greater symptom severity.

Data processing

The above data sources were merged to identify all unique 
patients with complete case records i.e., no missing vari-
ables. This included at least one complete EDS plus that 
MST done closest to the date of cancer diagnosis.

Statistical methods

MST scores were summarized descriptively overall and 
by cancer diagnostic groups separately. The prevalence of 
MST scores indicating high risk of malnutrition were mod-
eled using univariate and multivariable logistic regression. 
Covariates included demographic variables (age, BMI, 
race, sex), oncologic variables (site and stage of cancer), 
and symptom scores. Patient-reported symptoms evaluated 
included anxiety and depression, distress score, and the fol-
lowing specific symptoms (as continuous variables on a 
0–10 scale; constipation/diarrhea, fatigued or tired, nausea/
vomiting, pain, and trouble eating/swallowing). Univariate 
analyses were used to identify factors that were individually 

associated with H-MST scores. These factors were included 
in a multivariable model; backwards elimination identified 
factors independently associated with H-MST scores. A 
significance level of p < 0.05 was used for model selection 
including both univariate analyses and multivariable analy-
ses with backwards elimination. All data processing and sta-
tistical analyses were performed utilizing the SAS version 
9.4 software application.

Results

Patient characteristics

A total of 7479 unique subjects with either clinical or 
EDS data were retrieved (Fig. 1). Of these, complete case 
records as defined above were available for 4272. Six hun-
dred and eighty-seven were removed due to “unknown” or 
“not stated” BMI, race, sex, or stage in the tumor registry 
with a final dataset of 3585 subjects for analysis. The MST 
completed closest to date of cancer diagnosis was analyzed; 
median time from diagnosis to MST was 20 days (25–75 
IQR, 11–33 days). Median age was 64 (25–75 IQR, 55–72) 
with range from 18 to 98. Most had stages I-III disease 
(80%): 33% = stage I, 27% = stage II, and 20% = stage III. 
Median weight in pounds was 175 (25–75 IQR, 148–207) 
range 70–514. Additional clinical and demographic data are 
in Table 2.

Malnutrition screening tool scores

The raw MST scores for all are in Supplementary Table S1. 
High MST (H-MST) as defined as score of ≥ 2 to 5 was 
present in 1002 (28%) of which 2% scored 5, 4% scored 
4, and 22% scored 2–3. H-MST versus L-MST scores by 
demographics and symptom burden are in Table 2. Figure 2 
provides H-MST prevalence by cancer diagnostic group. As 
shown, H-MST was present in 58% of upper GI cancers, 
42% in both lower GI cancers and thoracic cancers, and 34% 
of head and neck cancer, and 10% of breast cancers.

Multivariable analysis of associations with high MST

Univariable logistic regression for H-MST identified 
age ≥ 65, Black race, cancer diagnostic group, male sex, 
stage IV disease, BMI, and higher symptom scores to 
be associated with a greater probability of H-MST (all 
p < 0.001). As shown in Table  3, multivariable regres-
sion confirmed Black race, cancer diagnostic group, low 
BMI, and stage IV disease to be independently associated 
with H-MST. Additionally, higher scores for depression, 
distress, fatigue, and trouble eating/swallowing were all 
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independently associated with H-MST, whereas anxiety, 
constipation/diarrhea, nausea/vomiting, and pain were not.

Discussion

In this US cohort of over 3000 ambulatory solid tumor 
patients, over one-quarter were at high risk for malnutrition 
at diagnosis. There was significant variation with the great-
est risk of malnutrition in those with lower GI, upper GI, 
and thoracic cancers, advanced stage disease, Black race, 
and higher symptom scores.

These striking results are consistent with oncology cohort 
studies, particularly those that included early-stage disease 
and breast cancer. [29–31] Despite nearly one-third being 
at high risk of malnutrition, our observed rate is lower than 
other studies which suggests variation in prevalence is driven 
by the specific oncology population. For example, in the pro-
spective Italian PreMiO study, of nearly 2000 ambulatory 
solid and hematologic cancer patients, 51% had malnutri-
tion based on the mini nutritional assessment, a validated 
measure of nutritional status in the elderly. [7] This study, 
unlike the current analysis, included more GI cancers and 
higher rates of stage IV disease, both factors associated with 
higher rates of malnutrition.

Beyond the cancer site, the highest risk of malnutrition 
was observed in those with a low BMI. However, a notable 
observation was the high rates of malnutrition risk in those 
with high BMI. Of those classified as overweight or obese by 
BMI, H-MST was observed in 24% and 20%, respectively. 
The obesity epidemic means 40–60% of all new cancer diag-
noses present in those with obesity, and this new clinical 

picture likely reduces the identification of malnutrition by 
practicing clinicians. A portion of these malnourished obese 
patients will have sarcopenia, which is associated with poor 
oncologic outcomes. [32, 33] Although the MST does not 
directly identify sarcopenia, such screening tools might iden-
tify at-risk patients for referral to nutritional services for fur-
ther evaluation. This highlights the importance of malnutri-
tion screening in all cancer patients independent of weight or 
BMI at diagnosis. Future work should evaluate which high-
risk groups might benefit from the addition of tools used to 
screen for sarcopenia, such as the SARC-F. [34] However, 
like the MST, any such positive screening assessment should 
prompt a comprehensive nutrition assessment and confirm 
malnutrition diagnosis and appropriate interventions. [35]

Unique to this analysis and related to our catchment area, 
Black patients accounted for one-fifth of those studied. They 
had numerically higher H-MST rates than White or other races, 
and this was independently associated with a nearly twofold 
increase in high malnutrition risk. Smaller US cancer studies 
using varied screening tools have not reported the prevalence 
of malnutrition by race. [31, 36] Notably, Black race is cor-
related with higher malnutrition rates in community-dwelling 
older adults in non-cancer populations. [37] Sociodemographic 
factors, not included in the current analysis, disproportionately 
affect racial minorities and might also account for our findings 
and should be explored further in future investigations. The 
demographics analyzed suggest generalizability of these find-
ings to other diverse US communities.

Aging, changes in end-organ function, and body compo-
sition remain well-documented risk factors for malnutrition 
in non-cancer and cancer illnesses. [22, 38, 39] In a study of 
patients with varying cancer diagnoses in which half were 

Fig. 1  Patient flow. Abbrevia-
tions: N = number; EDS = elec-
tronic distress screening; 
BMI = body mass index

Unique Subjects with Clinical or EDS Data 
N=7,479

Complete Case records 
N=4,272

Final Dataset 
N=3,585

Removed due to any missing variable
N=3,208

Removed due to “unknown” or “not stated”

race, sex, stage, or BMI
N=687
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outpatients, 90% had at least one nutrition barrier when 
referred to a dietitian. [40] It is noteworthy that loss of appe-
tite, nausea, and early satiety were the most common nutrition 
barriers. The number of nutrition barriers was significantly 
associated with reduced food intake and greater weight loss. 
In the elderly, cognitive issues, decreased mobility, frailty, 
poor dentition, polypharmacy, and social isolation can also 
contribute to malnutrition. [41] In our sample, age was not 
independently associated with H-MST in multivariable anal-
ysis. However, multiple symptoms were independently asso-
ciated with H-MST, including depression, distress, fatigue, 
and trouble eating/swallowing. Studies of symptoms have 
observed their presence to be associated with a greater risk of 
malnutrition, which appears to rise with age. [42] Therefore, 
when feasible, a comprehensive geriatric assessment should 
be performed to identify additional contributing factors to 
malnutrition in older adults with cancer.

Although this study identified malnutrition risk in a large 
US cancer center, certain limitations are noteworthy. As a 
goal was to evaluate the prevalence of malnutrition risk by 
clinicodemographic variables, we limited the analysis to per-
sons with complete case records. A sensitivity analysis found 
similar MST distribution with 27% H-MST and comparable 
age, race, gender, and cancer diagnostic groupings between 
the final dataset and all subjects (Supplementary Table S1). 
Therefore, our complete case analysis is likely representative 
of the larger cohort. Additionally, this was a cross-sectional 
analysis and included MST scores only at diagnosis. Third, 
our analysis was based only on patient self-reported MST. 
Due to limitations of the institutional database, we were una-
ble to analyze the impact of malnutrition on short-term and 
long-term oncologic outcomes like treatment tolerability and 
survival. Lastly, future studies should control for additional 
comorbidities to minimize residual confounding.

Malnutrition screening remains uncommon in routine 
clinical care. [43, 44] Given the mandate to screen for psy-
chological distress by the American College of Surgeons and 
Commission on Cancer, electronic screening has been shown 
to be feasible in large cancer centers. [45] As we have done, 
incorporating malnutrition screening within such established 
electronic screening tools might increase early identification. 
[43] Using MST as a brief, rapidly administered tool would 
minimize time commitments by health care professionals. 
Further research is needed to optimize the role of electronic 
screening tools and its integration into clinical care.

The high risk of malnutrition in this cohort, beyond those 
with low BMI at presentation, supports routine malnutrition 
screening at diagnosis. Future studies should evaluate ongo-
ing screening throughout the cancer trajectory. Understand-
ing such findings will inform future interventional studies 
targeting malnutrition early, cost–benefit analyses, registered 
dietitian nutritionist staffing patterns, and health outcomes 
in oncology.

Table 2  High versus low MST scores by demographics and patient-
reported symptoms

Abbreviations: MST malnutrition score tool; N number; BMI body 
mass index; IQR interquartile range; PHQ-2 Patient Health Question-
naire 2-item; GAD-2 Generalized Anxiety Disorder 2-item
a Row percentage
b Column percentage

Variable High MST Low MST Total

n (%)a n (%)a n (%)b

All 1002 (28) 2583 (72) 3585 (100)
Raw MST score
  0 2109 2109 (59)
  1 474 474 (13)
  2 492 492 (14)
  3 301 301 (8)
  4 128 128 (4)
  5 81 81 (2)

Age group
   ≤ 50 132 (21) 506 (79) 638 (18)
   > 50 to < 65 373 (30) 892 (70) 1265 (35)
   ≥ 65 497 (30) 1185 (70) 1682 (47)

Gender
  Female 524 (24) 1683 (76) 2207 (62)
  Male 478 (35) 900 (65) 1378 (38)

Race
  White 766 (26) 2137 (74) 2903 (81)
  Black 213 (35) 391 (65) 604 (17)
  Other 23 (30) 55 (70) 78 (2)

Stage
  I-III 650 (23) 2222 (77) 2872 (80)
  IV 352 (49) 361 (51) 713 (20)

Median BMI
   < 18.5 70 (67) 34 (33) 104 (3)

   ≥ 18.5 to < 25 404 (38) 653 (62) 1057 (29)
   ≥ 25 to < 30 271 (24) 841 (76) 1112 (31)
   ≥ 30 257 (20) 1055 (80) 1312 (37)

Alcohol or tobacco use
  Yes 755 (30) 1772 (70) 2527 (71)
  No 247 (23) 811 (77) 1058 (29)

Anxiety per GAD-2
  Yes 328 (41) 480 (59) 808 (22)
  No 674 (24) 2103 (76) 2777 (78)

Depression per PHQ-2
  Yes 313 (49) 328 (51) 641 (18)
  No 689 (23) 2255 (77) 2944 (82)

Distress per 0–10 scale
  High (≥ 4/10) 777 (33) 1568 (67) 2527 (65)
  Low 225 (18) 1015 (82) 1240 (35)

Symptoms per 0–10 scale, median (25–75 IQR)
  Pain 5 (2–7) 2 (0–5) 2 (0–5)
  Fatigue 6 (4–8) 3 (1–6) 5 (2–7)
  Nausea/vomiting 0 (0–3) 0 (0–0) 0 (0–0)
  Diarrhea/constipation 2 (0–5) 0 (0–2) 0 (0–4)
  Trouble eating/swallowing 3 (0–6) 0 (0–0) 0 (0–2)
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Fig. 2  Prevalence of low versus high MST by cancer diagnostic 
group. 1Cancer diagnostic groups included upper GI: any biliary 
and liver (n = 108), esophagus (n = 58), gastric (n = 60), pancreas 
(n = 157); lower GI: anal (n = 18), colon (n = 228), rectum (n = 77), 
small bowel (n = 16); thoracic: bronchus and lung (n = 457); H&N: 
any head and neck primary (n = 136); Gyn: cervix (n = 60), other 
female genital (n = 28), ovarian (n = 60), uterine (n = 170), vagina and 
vulva (n = 18); GU: prostate (n = 180), renal cell carcinoma (n = 131), 

testis (n = 9), urinary bladder and ureter (n = 113); other: malignant 
melanoma (n = 199), cancer of unknown primary (n = 193), sarcoma 
(n = 50), central nervous system (n = 3), thyroid (n = 40); breast: 
any mammary primary (n = 1016). Abbreviations: MST = malnutri-
tion score tool; N = number; upper GI = upper gastrointestinal; lower 
GI = lower gastrointestinal; GYN = gynecologic; GU = genitourinary; 
H&N = head and neck

Table 3  Multivariable logistic 
regression of associations with 
high MST by demographics and 
symptom burden

Abbreviations: MST malnutrition score tool; N number; OR odds ratio; CI confidence interval; GI gastroin-
testinal; GYN gynecologic; GU genitourinary; H&N head and neck; BMI body mass index; EtOH alcohol

Multivariable results

Factor Reference level Factor level OR (CI) P-value

Race  < 0.001
White Black 1.91 (1.52, 2.39)

Other 1.26 (0.69, 2.29)
Diagnosis  < 0.001

Breast Upper GI 5.72 (4.12, 7.93)
Lower GI 4.69 (3.39, 6.52)
Thoracic 3.25 (2.38, 4.44)
GYN 2.59 (1.83, 3.67)
GU 2.08 (1.48, 2.92)
Other 2.03 (1.46, 2.82)
H&N 1.63 (1.00, 2.65)

Stage I-III IV 1.76 (1.43, 2.16)  < 0.001
BMI  < 0.001

 ≥ 30  < 18.5 4.16 (2.50, 6.91)
 ≥ 18.5, < 25 2.13 (1.71, 2.65)
 ≥ 25, < 30 1.19 (0.95, 1.49)

Distress No Yes 1.25 (1.01, 1.54) 0.040
Depression No Yes 1.33 (1.06, 1.67) 0.014
Fatigue Continuous – 1.15 (1.11, 1.19)  < 0.001
Trouble eating or swal-

lowing
Continuous – 1.22 (1.18, 1.26)  < 0.001
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Conclusions

Over one-quarter of solid tumor oncology outpatients at 
diagnosis who are screened are at high risk of malnutri-
tion. There was significant variation in malnutrition risk by 
cancer site, stage, race, and greater symptom burden. This 
is the largest study of malnutrition screening within a US 
ambulatory oncology population. These findings support 
current efforts to standardize malnutrition screening to opti-
mally target nutritional resource allocation to the highest risk 
groups early in their cancer trajectories.
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