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Abstract
Objective There are studies on the nutritional status of type 2 diabetes (T2D), but there are no large cohort studies 
on the prognosis of Controlling Nutritional Status (CONUT) score for T2D. The aim of this study was to examine the 
association between CONUT score and all-cause mortality as well as cancer mortality in adults with T2D.

Methods For this study, we analyzed a total of 3763 adult patients with T2D who were part of the National Health 
and Nutrition Examination Survey (NHANES) from 1999 to 2018. Mortality outcomes were determined by linking to 
the National Death Index records as of December 31, 2019. Cox proportional risk models were used to estimate risk 
ratios (HRs) and 95% confidence intervals (CIs) for all-cause and cancer deaths.

Results During the mean follow-up of 8.17 years, there were 823 deaths from all causes and 155 deaths from 
cancer. After adjusting for multiple variables, the risk of all-cause mortality was higher in patients with a Mild (CONUT 
score ≥ 2), compared with patients with a Normal (CONUT score of 0–1). All-cause mortality risk was 39% higher, and 
cancer mortality risk was 45% higher. Consistent results were observed when stratified by age, sex, race, BMI, smoking 
status, and glycated hemoglobin levels.

Conclusions In a nationally representative sample of American adults with T2D, we found an association between 
CONUT score and all-cause mortality and cancer mortality.
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Introduction
Currently, there are approximately 537  million adults 
worldwide with diabetes, of whom over 90% suffer from 
type 2 diabetes (T2D). This contributes to a prevalence 
rate that has reached as high as 10.5% among adults [1]. 
Individuals with diabetes face a 2–4 times greater risk of 
cardiovascular disease (CVD) and mortality compared to 
non-diabetics [2]. Therefore, it is crucial to identify prog-
nostic factors that can potentially prevent or delay dia-
betic complications and death.

Malnutrition is typically defined as the presence of a 
low body mass index (BMI) and low serum albumin lev-
els [3]. It is associated with a variety of metabolic abnor-
malities, including steatosis, increased lipolysis and 
fatty acid oxidation, decreased circulating amino acids, 
reduced peroxisome number and function, and impaired 
mitochondrial function [4]. Malnutrition can also lead 
to immune dysfunction and increased mortality from 
infection [5–7]. Acute or chronic diseases and their ther-
apeutic interventions may also lead to an increase in mal-
nutrition, mainly due to altered metabolism [8]. The high 
prevalence of diabetes-related complications and comor-
bidities may further compromise nutritional status, and 
malnutrition can lead to impaired muscle function and 
wound healing, reduced bone mass, immune dysfunc-
tion, and decreased systemic function [9, 10]. Various 
scores are available to reflect human nutritional status, 
including the prognostic nutritional index (PNI), the con-
trolled nutritional status score (CONUT score), and the 
nutritional risk index (NRI) [11–13].

In this paper, we hypothesize that the CONUT score 
is closely related to the development of T2D. To address 
this question, we aim to prospectively investigate the 

relationship between the CONUT score and all-cause 
mortality, as well as cancer mortality, in a nationally rep-
resentative sample of adult patients with diabetes in the 
United States.

Methods
Study population
The National Health and Nutrition Examination Survey 
(NHANES) is an ongoing research project that provides 
estimates of the population’s nutrition and health status 
in the United States. This survey uses a stratified, multi-
stage probability design to recruit a representative sam-
ple of the American population. Data is gathered through 
structured interviews with individuals at home, health 
screenings at mobile health screening centers, and labo-
ratory sample analysis [9].

For this study, we analyzed data from NHANES 1999–
2018, which provided information on s which provided 
information on CONUT score. We only included patients 
who were over 20 years old and had been diagnosed with 
T2D, resulting in a study sample of 7556 subjects. T2D 
was defined as a diagnosed case of diabetes mellitus with 
insulin or oral hypoglycemic agents and fasting glucose 
levels above 7.0 mmol/L (126 mg/dL) or glycated hemo-
globin A1c (HbA1c) levels above 6.5%. We excluded par-
ticipants who were pregnant (n = 16), had cardiovascular 
diseases (n = 1529), cancer (n = 101), taking lipid-lowering 
medication (n = 2135) and missed visits (n = 12) resulting 
in a final representative analysis of 3763 T2D patients 
(Fig. 1).

Fig. 1 Flowchart describing the sample exclusion criteria used in this study which uses data from NHANES (1999–2018)
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Evaluation of CONUT scores
The CONUT score was developed in 2005 by Ulibarri et 
al. [14] as a tool for screening nutritional status in hospi-
talized patients. The score is based on three parameters: 
albumin, total cholesterol, and lymphocyte. A score of 0 
to 1 indicates normal nutritional status, while a score of 
2–4 indicates mild malnutrition, 5–8 for moderate mal-
nutrition, and 9–12 for severe malnutrition. Participants 
were divided into nutritional normal group (CONUT:0–
1) and malnutrition group (CONUT ≥ 2).

Determination of mortality
All-cause mortality and cancer mortality were deter-
mined through documentation obtained from the 
National Death Index as of December 31, 2019. To deter-
mine disease-specific deaths, we used the International 
Classification of Diseases (ICD)-10. Deaths related to 
cancer were defined using ICD-10 codes C00-C97. In 
total, there were 1,248 recorded deaths, including 227 
deaths due to cancer.

Assessment of covariates
Information on participants’ socio-demographic charac-
teristics, smoking status, alcohol consumption, duration 
of diabetes, use of diabetes medication, and hypertension 
was collected using a standardized questionnaire. Partici-
pants who had smoked fewer than 100 cigarettes during 
their lifetime were classified as non-smokers, while those 
who had smoked more than 100 cigarettes in the past 
but had not quit were defined as current smokers. For-
mer smokers were those who had smoked more than 100 
cigarettes in the past, but had quit. Drinking status was 
categorized into three levels: non-drinker, low to moder-
ate drinker (less than 2 drinks per day for men and less 
than 1 drink per day for women), and heavy drinker (2 or 
more drinks per day for men and 1 or more drink per day 
for women). Race/ethnicity was classified as non-His-
panic white or other. Educational attainment was catego-
rized as less than high school, high school or equivalent, 
or college or higher. Poverty income ratio (PIR) scores 
were defined as 0-1.3, 1.3–3.49, and greater than or equal 
to 3.5. BMI was calculated as weight divided by height 
squared (kg/m2), and glycated hemoglobin was also 
assessed as previously described [15].

Statistical analysis
Due to the complex sampling design of the NHANES 
database, analysis of the data required consideration 
of sample weights, clustering, and stratified analysis. 
Normally distributed data were expressed as standard 
deviations, while non-normally distributed data were 
expressed as medians and interquartile ranges. Categori-
cal variables were expressed as percentages and analyzed 
using chi-square tests, while quartiles of CONUT score 

levels were identified based on the distribution of the 
study population. One-way ANOVA tests (for continuous 
variables with normal distribution), Kruskal-Wallis tests 
(for continuous variables with non-normal distribution), 
and chi-square tests (for categorical variables) were used 
to compare differences between the four groups. Cox 
proportional hazards regression was used to estimate risk 
ratios (HRs) and 95% confidence intervals (CIs) for car-
diovascular disease mortality associated with CONUT 
score. In the multivariate model, multiple imputation was 
used to deal with data with missing covariates. It is well 
known that multiple imputation methods provide better 
results than the complete data method of analysis. Fol-
low-up was calculated as the time interval between the 
NHANES interview date and either the date of death or 
the end date of follow-up (December 31, 2019), which-
ever occurred first.

To investigate the dose-response relationship between 
CONUT score level and all-cause mortality and cancer 
mortality, we used restricted cubic spline (RCS) analy-
sis. In our multivariable model, we adjusted for age (in 
years), sex (male or female), and race/ethnicity (non-His-
panic white or other) in model 1. In model 2, we further 
adjusted for BMI (in kg/m2) using the categories of 25.0-
29.9 and ≥ 30.0, education level (below high school, high 
school or equivalent, or college or above), PIR(< 1.3, 1.3–
3.49, and ≥ 3.5), smoking status (never, former, or current 
smoker), and drinking status (none, low to moderate, or 
heavy drinkers). In model 3, we further adjusted for dia-
betes duration (in years), diabetes medication use (none, 
oral medication only, insulin only, or both insulin and 
medication), HbA1c (≥ 7.0% or < 7.0%), and hypertension 
(yes or no).

We also conducted several sensitivity analyses to assess 
the robustness of our findings. In stratified analyses, we 
divided participants based on age (≤ 60 or > 60 years), sex 
(male or female), race/ethnicity (non-Hispanic white or 
other), smoking status (current or never/past), BMI (≥ 30 
or < 30 kg/m2), and HbA1c (≥ 7 or < 7%). We assessed the 
significance of the interaction by examining the P-value 
of the product term between the CONUT score level and 
the stratified variables.

To address potential reverse causality bias, we excluded 
participants who had died 2 years prior to follow-up 
(n = 392). Additionally, we combined mild and moder-
ately severe patients in the CONUT score and reanalyzed 
the results. Furthermore, we included C-reactive protein 
(CRP) levels, lipid profiles (including triglycerides, total 
cholesterol, low-density lipoprotein, and high-density 
lipoprotein cholesterol), as well as indicators of kidney 
function (creatinine and uric acid levels) and liver func-
tion (aspartate aminotransferase and alanine aminotrans-
ferase levels) as additional adjustments to investigate the 



Page 4 of 9Pan et al. Diabetology & Metabolic Syndrome          (2023) 15:175 

potential influence of inflammation, lipid levels, and liver 
and kidney indices on the observed associations.

Given the non-normal distribution of the CONUT 
score, we used an unadjusted Spearman correlation 
coefficient for the correlation analysis at baseline. We 
also plotted Kaplan-Meier survival curves to examine 
the association between the CONUT score and both 
all-cause death and cancer death. Finally, we conducted 
a restricted three-sample analysis by incorporating rel-
evant hematological indicators into the baseline data to 
further explore the sensitivity of our findings.

Results
In the study of 3763 individuals with T2D (mean age: 
56.12 years; 50.0% male), we observed 823 all-cause 
deaths and 155 cancer-related deaths over an average 
follow-up period of 98.56 months. Table  1 displays the 
baseline characteristics of participants based on CONUT 
score severity and relevant variables. In comparison to 
individuals with normal nutrition (n = 3087), those with 
mild malnutrition (n = 676) exhibited certain differences. 
They tended to be older, with a mean age of 59.50 years 
compared to 56.11 years. Additionally, there was a higher 
proportion of males in the mild malnutrition group, with 
410 individuals (60.7%) compared to 1472 individuals 
(47.7%). Furthermore, the mild malnutrition group had 
a lower body weight, with 136 individuals (20.1%) falling 

Table 1 Baseline characteristics of patients with T2D in CONUT score and NHANES, 1999–2018
Characteristic Total P value

Normal nutrition (3087) Malnutrition (676)
Age(years) 56.72 ± 14.93 56.11 ± 14.63 59.50 ± 15.95 < 0.001
Male(n,%) 1882(50.0%) 1472(47.7) 410(60.7) < 0.001
Hypertension (n,%) 1841(48.9%) 1488(48.2) 353(52.2) 0.002
Education level (n,%) 0.088
 Less than high school 1414(37.6%) 1183(38.3) 231(34.2)
 High school diploma or GED 903(24.0) 740(24.0) 163(24.1)
 More than high school 1446(38.4%) 1164(37.7) 282(41.7)
PIR (n,%) 0.400
 < 1.3 1224(32.5) 1001(32.4) 223(33.0)
 1.3–3.49 1715(45.6) 1421(46.0) 294(43.5)
 ≥ 3.5 824(21.9) 665(21.5) 159(23.5)
 Non-Hispanic White 1181(31.4) 961(31.1) 220(32.5) 0.473
BMI, kg/m2 < 0.001
 <18.5 23(0.6) 15(0.5) 8(1.2)
 18.5-24.99 578(15.4) 442(44.3) 136(20.1)
 25.0-29.99 1146(30.5) 935(30.3) 211(31.2)
 ≥30.0 2016(53.6) 1695(54.9) 321(47.5)
Drinking status 0.491
 Nondrinker 2012(53.5) 1643(53.2) 369(54.6)
 Low-to-moderate drinker 374(10.2) 310(10.0) 74(10.9)
 Heavy drinker 1367(36.3) 1134(36.7) 233(34.5)
Smoking status 0.239
 Never smoker 1880(50.0) 1543(50.0) 337(49.9)
 Ever smoker 1248(33.2) 1010(32.7) 238(35.2)
 Current smoker 635(16.9) 534(17.3) 101(14.9)
Duration of diabetes < 0.001
 < 3years 709(18.8) 589(19.1) 120(17.8)
 3–10 years 753(20.0) 599(19.4) 154(22.8)
 > 10 years 815(21.7) 611(19.8) 204(30.2)
Medication use 0.595
 No insulin or pills 1440(38.3) 1186(38.4) 254(37.6)
 Only diabetes pills 1597(42.4) 1318(42.7) 279(41.3)
 Only insulin 360(9.6) 288(9.3) 72(10.7)
 Diabetes pills and insulin 366(9.7) 295(9.6) 71(10.5)
 HbA1c (< 7.0%) 2338(62.1) 1910(62.0) 428(63.3) 0.509
Data are numbers (percentages) unless otherwise noted. All estimates include a complex survey design
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within the BMI range of 18.5-24.99, whereas 442 individ-
uals (44.3%) fell within that range in the normal nutrition 
group. The mild malnutrition group also had a longer 
duration of diabetes (> 10 years), with 204 individuals 
(30.2%) in contrast to 611 individuals (19.8%) in the nor-
mal nutrition group. Lastly, there was a higher prevalence 
of hypertension in the mild malnutrition group, with 355 
individuals (52.2%) compared to 1488 individuals (48.2%) 
in the normal nutrition group.

CONUT score and all-cause mortality
A non-linear association was observed between the 
CONUT score and all-cause mortality (P = 0.001 for 
non-linearity) as depicted in Fig.  2A. Upon adjusting 
for various factors in the multivariate analysis, which 
included age, sex, race, BMI, duration of diabetes, diabe-
tes medication use, and hypertensive disease, the malnu-
trition group remained significantly associated with an 
increased risk of all-cause mortality, as shown in Table 2. 
The HRs for all-cause mortality were 1.52 (95% CI, 1.30–
1.79) for the mild malnutrition group when compared to 
the normal nutrition group. Since the CONUT score was 
found to be nonlinear in Fig. 2A and the risk of a 0 score 
was slightly higher than a 1 score, we performed an anal-
ysis, which showed no statistically significant difference 
between a CONUT ≥ 1 and a CONUT < 1 (eTable 4 in the 
Supplement).

CONUT score and cancer mortality
No nonlinear association was observed between CONUT 
score and cancer mortality (P = 0.382 for nonlinearity) as 
shown in Fig.  2B. Afterwards, multivariate analysis was 
conducted to adjust for various factors including age, sex, 
race, BMI, duration of diabetes, diabetes medication use, 
and hypertensive disease. The results indicated that the 
HRs for cancer mortality in the malnutrition group were 
1.45 (95% CI, 1.01,2.10) compared to the normal nutri-
tion group.

Stratified and sensitivity analyses
When analyses were stratified by age (≤ 60 or > 60 years), 
sex (male or female), race/ethnicity (non-Hispanic white 
or other), BMI (< 30 or ≥ 30 kg/m2), smoking status (cur-
rent or never/past), and HbA1c (< 7 or ≥ 7%) (eTable 2 

Table 2 HR (95%CIs) for all-cause mortality and cancer mortality 
associated with serum CONUT Score in patients with diabetes 
mellitus in the NHANES study, 1999–2018
CONUT score

Normal 
nutrition

Malnutrition P

All-cause mortality death, No/
total No

611/3087 212/676

 Model 1 1.00 1.40(1.23,1.59) < 0.001
 Model 2 1.00 1.42(1.25,1.61) < 0.001
 Model 3 1.00 1.39(1.23,1.59) < 0.001
Cancer mortality death, No/
total No

115/3087 40/676

 Model 1 1.00 1.52(1.04,2.20) 0.035
 Model 2 1.00 1.49(1.03,2.15) 0.026
 Model 3 1.00 1.45(1.01,2.10) 0.040
Model 1: Adjusted for age (continuous), sex (male or female), and race/ethnicity 
(non-Hispanic white, non-Hispanic black, Mexican American, or other). Model 
2: Further adjusted (from model 1) for BMI (< 18.5, 18.5-24.99, 25.0–29.99, or 
≥ 30.0 kg/m2), education level (below high school, high school or equivalent, 
or college or above), PIR (< 1.3,1.3–3.49, or ≥ 3.5), drinking status (non-drinker, 
low to moderate drinker, or heavy drinker), and Smoking status (never smoker, 
past smoker, or current smoker). Model 3: Further adjustment from model 2 
was made for duration of diabetes (≤ 3year,3–10year, or > 10 years), diabetes 
medication use (none, oral medication only, insulin, or other), glycated 
hemoglobin (< 7.0% or ≥ 7.0%), and self-reported hypertension (yes or no)

Fig. 2 Association between CONUT score and all-cause (A) and cancer mortality (B) in patients with diabetes in the NHANES study from 1999–2018. 
Hazard ratios (solid lines) and 95% ci (shaded areas) according to age (continuous), sex (male or female), race and ethnicity (non-Hispanic white or other), 
BMI (< 18.5, 18.5-24.99, 25.0–29.99, or ≥ 30.0 kg/m2), education level (< high school, high school or equivalent, or above high school), PIR (lower, normal, 
or higher), smoking status (never, past, or current), alcohol use (none, low to moderate, or heavy), duration of diabetes (< 3years, 3–10 years, > 10 years), 
medication use (no insulin or pills, only diabetes pills, only insulin, diabetes pills and insulin) and HbA1c (< 7.0%,≥7.0%) to adjust. P < 0.001 for all-cause 
mortality and P-value of 0.096 for cancer mortality
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and eTable 3 in the supplement). After several tests, no 
significant interactions were found for all-cause mortality 
and cancer mortality.

In addition to this, several sensitivity analyses were per-
formed to confirm the stability of the results, which were 
generally robust when excluding participants who died 
within 2 years of follow-up (eTable 4 in the Supplement). 
The same results were observed if the malnutrition group 
was divided into mild and moderate to severe malnutri-
tion groups, adjusted for multiple factors(eTable 5 in 
the Supplement), and we also adjusted for relevant sero-
logical indicators (eTable 6 in the Supplement), which 
showed no substantial change in all-cause mortality, 
adjusting for CRP (model 2 ), lipid markers (triglycerides, 
total cholesterol, LDL and HDL, model 3), liver markers 
(alanine aminotransferase, aspartate aminotransferase, 
model 4) and renal markers (creatinine and uric acid, 
model 5) as evidenced by the correlations found. In terms 
of cancer mortality, after adjusting for CRP and lipid indi-
ces, no significant correlations were found (P = 0.054 and 
P = 0.678), suggesting that CONUT score may act on T2D 
through the inflammatory pathway. further analysis using 
Spearman correlations showed that CONUT score were 
associated with age, glycated hemoglobin, triglycerides, 
total cholesterol, low density and alanine aminotransfer-
ase (eTable 7 in the Supplement). We plotted the survival 
curves of CONUT score with all-cause death and cancer 
death, and the results showed that all were statistically 
significant (eFigure1 in the Supplement, P < 0.001). Nota-
bly, there was no substantial change in RCS when all val-
ues were included (eFigure2 in the Supplement).

Discussion
In this large prospective cohort study of US adults with 
diabetes, we found a significant association between par-
ticipant CONUT score levels and all-cause mortality and 
cancer mortality. After multivariate adjustment, a high 
CONUT score (≥ 2) was associated with increased all-
cause mortality (P < 0.001) and a CONUT score of ≥ 5 was 
associated with increased cancer mortality (P = 0.007), 
and various stratified and sensitivity analyses indicated 
that our findings were reliable.

T2D is the most common type of diabetes mellitus in 
adults, for which there is no cure, and as a lifelong meta-
bolic disease, lifestyle interventions while receiving oral 
hypoglycemic agents and insulin therapy can help achieve 
remission of T2D (blood glucose can still be in compli-
ance or normal without the use of hypoglycemic agents), 
which is important to improve the psychological, physi-
cal, social, and economic stress of patients [16, 17]. Mal-
nutrition refers to the situation of insufficient, excessive, 
or imbalanced intake of energy and/or nutrients. Patients 
with T2D are prone to malnutrition due to gastroin-
testinal disorders that affect digestion and absorption, 

massive loss of nutrients from the body due to polyuria, 
and insufficient intake of micronutrients due to unbal-
anced and unreasonable diets, which will not only affect 
glycemic control, but also aggravate vascular lesions due 
to chronic inflammatory reactions during malnutrition. 
This will not only affect glycemic control, but also aggra-
vate vascular lesions due to chronic inflammation dur-
ing malnutrition, leading to a significantly higher risk of 
mortality [18, 19]. Therefore, medical nutrition therapy 
recommends nutritional interventions for patients with 
T2D to promote glycemic control and improve prognosis 
[20].

There is no gold standard for clinical evaluation of 
malnutrition, and commonly used indicators to evalu-
ate nutritional status include BMI and albumin [3], but 
they do not adequately reflect the nutritional status 
of patients. Tools such as the nutritional risk screen-
ing 2002, the subjective global assessment method, and 
micro-nutritional assessment have some value in evalu-
ating nutritional status, but the assessment process relies 
on medical specialty examinations or subjective patient 
recall, which may lead to biased results. The CONUT 
score was proposed by Ulíbarri et al. [14] in 2005 for 
early screening and continuous monitoring of nutritional 
status of hospitalized patients. In recent years, several 
studies have shown the advantages of the CONUT score 
in evaluating the nutritional status of inpatients with car-
diovascular diseases, malignant neoplasms, and other 
diseases in a simple and objective way [21–23].

In our study of T2D patients, the percentage of 
CONUT malnourished patients was 21%. Furthermore, 
1.0% of patients were classified as moderately to severely 
malnourished according to assessment. The CONUT 
assessment of the nutritional status of T2D patients sug-
gests that malnutrition is quite common in these patients. 
On the one hand, this may be due to the interrelation-
ship between T2D and inflammation [4, 24, 25]. Previous 
studies have reported that diabetic patients have higher 
levels of pro-inflammatory cytokines and that activa-
tion of inflammatory pathways may increase catabolic 
demand, leading to malnutrition [26]. On the other hand, 
vitamin D deficiency, which is common in malnourished 
patients, ensures the maintenance of normal low physi-
ological levels of Ca2+ and reactive oxygen species in 
the body [27, 28], and may also play a role by reducing 
inflammation and contributing to the control of insulin 
resistance, which is a major trigger of diabetes [29].

In the results of the subgroup analysis of cancer mortal-
ity, we found several interesting phenomena. First, in the 
age subgroup results, we found that malnourished T2D 
patients > 60 years of age were more likely to have cancer 
mortality than those ≤ 60 years of age. With the coex-
istence of multiple diseases and the progressive aging 
of physiological functions and tissues and organs in the 
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elderly, the blow of malnutrition seems to be more fatal, 
and it is important to assess the degree of malnutrition in 
elderly T2D patients and to take measures to improve it 
[30]. Second, in the gender subgroup, male T2D patients 
diagnosed as malnourished according to CONUT have 
a higher likelihood of cancer mortality than female 
T2D patients, and the 2020 World Health Organization 
reported that in 2020, there were 10,065,305 new cases of 
cancer with a crude incidence rate of 256.1 per 100,000 in 
men and 9,227,484 new cases of cancer in women world-
wide with a crude incidence rate of 238.8 per 100,000, 
which shows that cancer is more common in men [31]. 
In the BMI subgroup, there was no significant differ-
ence in cancer mortality in malnourished T2D patients 
compared to the nutritionally normal group (BMI ≥ 30, 
P = 0.561), and it was previously thought that obesity and 
overweight may be important in the development of dia-
betes [32, 33]. However, results from longitudinal obser-
vational studies suggest that overweight or obese diabetic 
patients have lower CVD-related disease than their nor-
mal weight peers, have lower mortality, and have a better 
prognosis [34, 35]. These results, which may seem coun-
terintuitive, represent the “obesity paradox” [36–38]. It 
has been suggested that one of the reasons for this may 
be that the expansion of adipose tissue, which is an active 
phenomenon at the onset of diabetes, seems to prevent 
the development of diabetic complications as the disease 
begins to become chronic [39]. However, there are still 
no specific studies and elucidate exactly the mechanism 
of the obesity paradox to explain its occurrence. In terms 
of all-cause mortality, the same final results were consis-
tent between subgroups and did not occur as described 
above.

Our findings strongly suggest that clinicians should 
pay more attention to the nutritional status of patients 
with T2D. Screening for malnutrition in community T2D 
patients, identifying patients at high risk for poor prog-
nosis, and providing targeted nutritional interventions 
and enhanced nutritional management for these patients 
may improve prognosis. Clinicians should provide scien-
tifically effective nutritional guidance for these high-risk 
patients according to clinical guidelines, including oral 
nutritional supplementation, food/fluid fortification or 
enrichment, dietary counseling, and educational inter-
ventions [40]. In addition, further research is needed to 
investigate the effectiveness of different interventions for 
malnutrition in patients with T2D.

Strengths and limitations
The present study is a cohort study, and its strengths 
include the large, prospective, and representative samples 
used. We carefully adjusted for multiple potential con-
founders, including lifestyle and dietary factors, diabetes 

duration, glycemic control, and lipid levels, to help gener-
alize our findings.

However, some limitations should be considered. First, 
due to the observational study design, causality cannot 
be determined. Second, because we relied on a single 
baseline measurement of CONUT score, we were unable 
to assess CONUT values in patients at the time of the 
endpoint event. Third, detailed information on diabetes 
severity was not available, although the results did not 
change significantly after further adjustment for diabetes 
duration, diabetes medication use, and glycated hemo-
globin levels. Fourth, our results are based on US adults 
with diabetes, and their generalizability to other popula-
tions may be limited. Fifth, the limited statistical power 
in the subgroup analysis should be interpreted with cau-
tion in the results. Finally, the possibility of unknown 
confounders cannot be completely excluded.

Conclusions
In a nationally representative sample of US adults with 
T2D, we found an association between CONUT score 
and all-cause mortality and cancer mortality. high 
CONUT score was associated with high all-cause mortal-
ity and CONUT score ≥ 5 was associated with increased 
cancer mortality. Our findings suggest a potential benefi-
cial effect of maintaining lower CONUT levels in reduc-
ing the risk of cancer mortality and all-cause mortality in 
adults with T2D.

Abbreviations
BMI  Body mass index
CONUT  Controlling Nutritional Status
CRP  C-reactive protein
CVD  Cardiovascular disease
ICD  International Classification of Diseases
NHANES  National Health and Nutrition Examination Survey
NRI  Nutritional Risk Index
PIR  Poverty Income Ratio
PNI  Prognostic Nutritional Index
RCS  Restricted cubic spline
T2D  Type 2 diabetes

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13098-023-01138-2.

Supplementary Material 1

Acknowledgements
We are grateful to the participants and to the people involved in the National 
Health and Nutrition Examination Survey study.

Authors’ contributions
D.P. and J.G. conducted analyses. D.P. wrote the first draft of the article. J.W., 
S.W.and W.M. conceived of the study design. J.W. and G.Y. decided on the 
final draft. All authors contributed to the interpretation of the results and 
critical revision of the manuscript for important intellectual content. G.Y. is the 
guarantor of this work and, as such, had full access to all the data in the study 
and takes responsibility for the integrity of the data and the accuracy of the 
data analysis.

https://doi.org/10.1186/s13098-023-01138-2
https://doi.org/10.1186/s13098-023-01138-2


Page 8 of 9Pan et al. Diabetology & Metabolic Syndrome          (2023) 15:175 

Funding
This study was supported by grants from National Key Research and 
Development Program of China (No.2021YFC2500500). The funders had no 
role in the design and conduct of the study, in the collection, analysis, and 
interpretation of the data, or in the preparation, review, or approval of the 
manuscript.

Data Availability
The raw data supporting the conclusions of this article will be made available 
by the authors, without undue reservation.

Declarations

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Ethics approval and consent to participate
Ethical review and approval were not required for the study on human 
participants in accordance with the local legislation and institutional 
requirements. The patients/participants provided their written informed 
consent to participate in this study. All authors have contributed significantly, 
and all authors are in agreement with the content of the manuscript.

Consent for publication
This work was financially supported by National Key Research and 
Development Program of China (No.2021YFC2500500).

Received: 10 May 2023 / Accepted: 19 July 2023

References
1. GBD 2019 Diabetes Mortality Collaborators. Diabetes mortality and trends 

before 25 years of age: an analysis of the global burden of Disease Study 
2019. Lancet Diabetes Endocrinol. 2022;10(3):177–92. 3.

2. Wan Z, Guo J, Pan A, Chen C, Liu L. Gang Liu; Association of serum 
25-Hydroxyvitamin D concentrations with all-cause and cause-specific 
mortality among individuals with diabetes. Diabetes Care. 2021;02(2):350–7.

3. Konecka M, Schneider-Matyka D, Kamińska M, Bikowska M, Ustianowski P, 
Grochans E. Analysis of the laboratory results of the patients enrolled in the 
Nutritional Therapy Program. Eur Rev Med Pharmacol Sci. 2022;26(14):5144–
53. https://doi.org/10.26355/eurrev_202207_29303.

4. Thaxton GE, Melby PC, Manary MJ, Preidis GA. New Insights into the 
pathogenesis and treatment of Malnutrition. Gastroenterol Clin North Am. 
2018;47(4):813–27. https://doi.org/10.1016/j.gtc.2018.07.007.

5. Jones KD, Berkley JA. Severe acute malnutrition and infection. Paediatr Int 
Child Health. 2014;34(Suppl 1):1–S29. https://doi.org/10.1179/20469047
14Z.000000000218.

6. Triarico S, Rinninella E, Cintoni M, et al. Impact of malnutrition on survival 
and infections among pediatric patients with cancer: a retrospective study. 
Eur Rev Med Pharmacol Sci. 2019;23(3):1165–75. https://doi.org/10.26355/
eurrev_201901_17009.

7. Katona P, Katona-Apte J. The interaction between nutrition and infection. Clin 
Infect Dis. 2008;46(10):1582–8. https://doi.org/10.1086/587658.

8. Stratton RJ. Should food or supplements be used in the community for the 
treatment of disease-related malnutrition? Proc Nutr Soc. 2005;64(3):325–33. 
https://doi.org/10.1079/pns2005439.

9. Thomson K, Rice S, Arisa O, et al. Oral nutritional interventions in frail older 
people who are malnourished or at risk of malnutrition: a systematic review. 
Health Technol Assess. 2022;26(51):1–112. https://doi.org/10.3310/CCQF1608.

10. Visser J, McLachlan MH, Maayan N, Garner P. Community-based supple-
mentary feeding for food insecure, vulnerable and malnourished popula-
tions - an overview of systematic reviews. Cochrane Database Syst Rev. 
2018;11(11):CD010578. https://doi.org/10.1002/14651858.CD010578.pub2. 
Published 2018 Nov 9.

11. Bouillanne O, Morineau G, Dupont C, et al. Geriatric nutritional risk index: 
a new index for evaluating at-risk elderly medical patients. Am J Clin Nutr. 
2005;82(4):777–83. https://doi.org/10.1093/ajcn/82.4.777.

12. Shirakabe A, Hata N, Kobayashi N, et al. The prognostic impact of malnutri-
tion in patients with severely decompensated acute heart failure, as assessed 
using the Prognostic Nutritional Index (PNI) and Controlling Nutritional Sta-
tus (CONUT) score. Heart Vessels. 2018;33(2):134–44. https://doi.org/10.1007/
s00380-017-1034-z.

13. Yuan K, Zhu S, Wang H, et al. Association between malnutrition and 
long-term mortality in older adults with ischemic stroke. Clin Nutr. 
2021;40(5):2535–42. https://doi.org/10.1016/j.clnu.2021.04.018.

14. Ignacio de Ulíbarri J, González-Madroño A, de Villar NGP, González P, González 
B, Mancha A, Rodríguez F. G Fernández; CONUT: a tool for controlling nutri-
tional status. First validation in a hospital population.Nutricion hospitalaria 
2005 Jan-Feb;20(1):38–45.

15. Yujie Liu T, Geng Z, Wan Q, Lu X, Zhang Z, Qiu L, Li K, Zhu L, Liu A, Pan. 
Gang Liu; Associations of Serum Folate and Vitamin B12 Levels With 
Cardiovascular Disease Mortality Among Patients With Type 2 Diabetes.
JAMA network open 2022 01 04;5(1):e2146124 doi:https://doi.org/10.1001/
jamanetworkopen.2021.46124.

16. Andy Menke S, Casagrande L, Geiss, Catherine C. Cowie; Prevalence of and 
Trends in diabetes among adults in the United States, 1988–2012.JAMA 
2015;314(10):1021–9 doi:https://doi.org/10.1001/jama.2015.10029.

17. .Cannon MJ, Masalovich S, Ng BP, et al. Retention among participants in the 
National Diabetes Prevention Program Lifestyle Change Program, 2012–2017. 
Diabetes Care. 2020;43(9):2042–9. https://doi.org/10.2337/dc19-2366.

18. Ojo O. Dietary Intake and Type 2 Diabetes. Nutrients. 2019;11(9):2177. Pub-
lished 2019 Sep 11. doi:https://doi.org/10.3390/nu11092177.

19. Tamura Y, Omura T, Toyoshima K, Araki A. Nutrition Management in Older 
Adults with Diabetes: A Review on the Importance of Shifting Prevention 
Strategies from Metabolic Syndrome to Frailty. Nutrients. 2020;12(11):3367. 
Published 2020 Nov 1. doi:https://doi.org/10.3390/nu12113367.

20. Davies MJ, Aroda VR, Collins BS, et al. Management of hyperglycaemia in type 
2 diabetes, 2022. A consensus report by the american Diabetes Association 
(ADA) and the European Association for the study of diabetes (EASD). Diabe-
tologia. 2022;65(12):1925–66. https://doi.org/10.1007/s00125-022-05787-2.

21. Clemente G, Gallo M, Giorgini M. AMD – Associazione Medici Diabetologi 
“Diabetes and Cancer” working group. Modalities for assessing the nutri-
tional status in patients with diabetes and cancer. Diabetes Res Clin Pract. 
2018;142:162–72. https://doi.org/10.1016/j.diabres.2018.05.039.

22. Kuroda D, Sawayama H, Kurashige J, et al. Controlling Nutritional Status 
(CONUT) score is a prognostic marker for gastric cancer patients after cura-
tive resection. Gastric Cancer. 2018;21(2):204–12. https://doi.org/10.1007/
s10120-017-0744-3.

23. Yamaura T, Arizumi F, Maruo K, et al. The impact of Controlling Nutritional 
Status (CONUT) score on functional prognosis in hospitalized elderly patients 
with acute osteoporotic vertebral fractures. BMC Geriatr. 2022;22(1):1002. 
https://doi.org/10.1186/s12877-022-03708-x. Published 2022 Dec 28.

24. Arero G, Arero AG, Mohammed SH, Vasheghani-Farahani A. Prognostic 
potential of the Controlling Nutritional Status (CONUT) score in Predicting 
all-cause mortality and major adverse Cardiovascular events in patients with 
coronary artery disease: a Meta-analysis. Front Nutr. 2022;9:850641. https://
doi.org/10.3389/fnut.2022.850641. Published 2022 May 9.

25. Lontchi-Yimagou E, Sobngwi E, Matsha TE, Kengne AP. Diabetes mellitus and 
inflammation. Curr Diab Rep. 2013;13(3):435–44. https://doi.org/10.1007/
s11892-013-0375-y.

26. Rohm TV, Meier DT, Olefsky JM, Donath MY. Inflammation in obesity, diabetes, 
and related disorders. Immunity. 2022;55(1):31–55. https://doi.org/10.1016/j.
immuni.2021.12.013.

27. Berridge MJ, Vitamin D. A custodian of cell signalling stability in health and 
disease. Biochem Soc Trans. 2015;43(3):349–58. https://doi.org/10.1042/
BST20140279.

28. Haussler MR, Whitfield GK, Kaneko I, et al. Molecular mechanisms of vitamin 
D action. Calcif Tissue Int. 2013;92(2):77–98. https://doi.org/10.1007/
s00223-012-9619-0.

29. Wimalawansa SJ. Vitamin D deficiency is a surrogate marker for visceral 
fat content, metabolic syndrome, type 2 diabetes and future metabolic 
complications. J Diabetes Metab Disord Control. 2016;3(1):6–13. https://doi.
org/10.15406/jdmdc.2016.03.00059.

30. Black M, Bowman M. Nutrition and healthy aging. Clin Geriatr Med. 
2020;36(4):655–69. https://doi.org/10.1016/j.cger.2020.06.008.

https://doi.org/10.26355/eurrev_202207_29303
https://doi.org/10.1016/j.gtc.2018.07.007
https://doi.org/10.1179/2046904714Z.000000000218
https://doi.org/10.1179/2046904714Z.000000000218
https://doi.org/10.26355/eurrev_201901_17009
https://doi.org/10.26355/eurrev_201901_17009
https://doi.org/10.1086/587658
https://doi.org/10.1079/pns2005439
https://doi.org/10.3310/CCQF1608
https://doi.org/10.1002/14651858.CD010578.pub2
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1007/s00380-017-1034-z
https://doi.org/10.1007/s00380-017-1034-z
https://doi.org/10.1016/j.clnu.2021.04.018
https://doi.org/10.1001/jamanetworkopen.2021.46124
https://doi.org/10.1001/jamanetworkopen.2021.46124
https://doi.org/10.1001/jama.2015.10029
https://doi.org/10.2337/dc19-2366
https://doi.org/10.3390/nu11092177
https://doi.org/10.3390/nu12113367
https://doi.org/10.1007/s00125-022-05787-2
https://doi.org/10.1016/j.diabres.2018.05.039
https://doi.org/10.1007/s10120-017-0744-3
https://doi.org/10.1007/s10120-017-0744-3
https://doi.org/10.1186/s12877-022-03708-x
https://doi.org/10.3389/fnut.2022.850641
https://doi.org/10.3389/fnut.2022.850641
https://doi.org/10.1007/s11892-013-0375-y
https://doi.org/10.1007/s11892-013-0375-y
https://doi.org/10.1016/j.immuni.2021.12.013
https://doi.org/10.1016/j.immuni.2021.12.013
https://doi.org/10.1042/BST20140279
https://doi.org/10.1042/BST20140279
https://doi.org/10.1007/s00223-012-9619-0
https://doi.org/10.1007/s00223-012-9619-0
https://doi.org/10.15406/jdmdc.2016.03.00059
https://doi.org/10.15406/jdmdc.2016.03.00059
https://doi.org/10.1016/j.cger.2020.06.008


Page 9 of 9Pan et al. Diabetology & Metabolic Syndrome          (2023) 15:175 

31. WHO. Global Health Estimates. 2020: Deaths by Cause, Age, Sex, by 
CONUTry and by Region, 2000–2019[Z/OL]. [2021-02-20]. https://www.
who.int/data/gho/data/themes/mortality-andglobal-health-estimates/
ghe-leading-causes-of-death.

32. Harwell TS, Vanderwood KK, Hall TO, Butcher MK, Helgerson SD, Montana 
Cardiovascular Disease and Diabetes Prevention Workgroup. Factors associ-
ated with achieving a weight loss goal among participants in an adapted 
diabetes Prevention Program. Prim Care Diabetes. 2011;5(2):125–9. https://
doi.org/10.1016/j.pcd.2010.12.001.

33. Lean ME, Leslie WS, Barnes AC, et al. Primary care-led weight manage-
ment for remission of type 2 diabetes (DiRECT): an open-label, cluster-
randomised trial. Lancet. 2018;391(10120):541–51. https://doi.org/10.1016/
S0140-6736(17)33102-1.

34. Liu H, Wu S, Li Y, et al. Body mass index and mortality in patients with type 
2 diabetes mellitus: a prospective cohort study of 11,449 participants. 
J Diabetes Complications. 2017;31(2):328–33. https://doi.org/10.1016/j.
jdiacomp.2016.10.015.

35. Jackson CL, Yeh HC, Szklo M, et al. Body-Mass Index and all-cause mortality 
in US adults with and without diabetes. J Gen Intern Med. 2014;29(1):25–33. 
https://doi.org/10.1007/s11606-013-2553-7.

36. Elagizi A, Kachur S, Lavie CJ, et al. An overview and update on obesity 
and the obesity Paradox in Cardiovascular Diseases. Prog Cardiovasc Dis. 
2018;61(2):142–50. https://doi.org/10.1016/j.pcad.2018.07.003.

37. Tobias DK, Manson JE. The obesity Paradox in Type 2 diabetes 
and mortality. Am J Lifestyle Med. 2016;12(3):244–51. https://doi.
org/10.1177/1559827616650415. Published 2016 May 19.

38. Levitsky LL, Drews KL, Haymond M, et al. The obesity paradox: retinopathy, 
obesity, and circulating risk markers in youth with type 2 diabetes in the 
TODAY Study. J Diabetes Complications. 2022;36(11):108259. https://doi.
org/10.1016/j.jdiacomp.2022.108259.

39. Singla R, Murthy M, Singla S, Gupta Y. Friendly Fat Theory - explaining the 
Paradox of diabetes and obesity. Eur Endocrinol. 2019;15(1):25–8. https://doi.
org/10.17925/EE.2019.15.1.25.

40. Khor PY, Vearing RM, Charlton KE. The effectiveness of nutrition interventions 
in improving frailty and its associated constructs related to malnutrition and 
functional decline among community-dwelling older adults: a system-
atic review. J Hum Nutr Diet. 2022;35(3):566–82. https://doi.org/10.1111/
jhn.12943.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.who.int/data/gho/data/themes/mortality-andglobal-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-andglobal-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-andglobal-health-estimates/ghe-leading-causes-of-death
https://doi.org/10.1016/j.pcd.2010.12.001
https://doi.org/10.1016/j.pcd.2010.12.001
https://doi.org/10.1016/S0140-6736(17)33102-1
https://doi.org/10.1016/S0140-6736(17)33102-1
https://doi.org/10.1016/j.jdiacomp.2016.10.015
https://doi.org/10.1016/j.jdiacomp.2016.10.015
https://doi.org/10.1007/s11606-013-2553-7
https://doi.org/10.1016/j.pcad.2018.07.003
https://doi.org/10.1177/1559827616650415
https://doi.org/10.1177/1559827616650415
https://doi.org/10.1016/j.jdiacomp.2022.108259
https://doi.org/10.1016/j.jdiacomp.2022.108259
https://doi.org/10.17925/EE.2019.15.1.25
https://doi.org/10.17925/EE.2019.15.1.25
https://doi.org/10.1111/jhn.12943
https://doi.org/10.1111/jhn.12943

	Association of the controlling nutritional status score with all-cause mortality and cancer mortality risk in patients with type 2 diabetes: NHANES 1999–2018
	Abstract
	Introduction
	Methods
	Study population
	Evaluation of CONUT scores
	Determination of mortality
	Assessment of covariates
	Statistical analysis

	Results
	CONUT score and all-cause mortality
	CONUT score and cancer mortality
	Stratified and sensitivity analyses

	Discussion
	Strengths and limitations

	Conclusions
	References


