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Abstract

Background
Risk of malnutrition can be evaluated through Controlling Nutritional (CONUT) Score based on total
peripheral lymphocytes, serum albumin, and total cholesterol. Our aim was to automatically calculate
CONUT in primary care when involved markers were requested and compare its performance with
albumin to identify patients at risk of malnutrition. CONUT was evaluated according to patient age, and
calculated the potential expenses to calculate CONUT, when serum markers were no requested, and
measured.

Methods
We calculated CONUT when the three laboratory markers were requested, compared CONUT and albumin,
considering risk of malnutrition CONUT ≥ 2, and albumin < 35 g/L, and counted the number of albumin
and/or cholesterol tests that would have been measured to calculate CONUT in patients with total
lymphocytes and serum availability, and calculated hypothetical cost.

Results
of the 74743 requests from primary care, CONUT was calculated in 9353 patients. 2256 (24.1%) showed
risk of malnutrition according CONUT; 630 (6.8%) through albumin. Albumin alone identi�ed 17.5% of
mild cases based on CONUT, but every severe case. The risk of malnutrition increased with patient age. In
one year, through an expense of 5430 € in measuring the serum non requested test, we could have
screened for risk of malnutrition the entire primary care population that underwent laboratory testing.

Conclusion
CONUT score calculated at no cost when requested involved laboratory markers, detected more patients
at risk of malnutrition than albumin, increased with patient age, and could be calculated in all primary
care patients by measuring unrequested tests, at a very affordable cost.

Background
Malnutrition is an unfavorable prognostic factor associated with increased morbidity and mortality,
known to increase hospital stays, readmissions, and resources consumption (1).

Albumin, the most extensively studied protein to identify patients at risk of malnutrition, is a useful
indicator of general nutrition status for older adults in non-acutely ill states (2). Nutritional status
evaluated through NUTritional COntrol (CONUT) based on total peripheral lymphocytes, serum albumin
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and total cholesterol has been shown as a valuable tool for the early detection and monitoring of clinical
under nutrition. Since its introduction in 2002 (3), its main application has been to evaluate and quantify
the prevalence of malnutrition at hospital admission (4). Since then, the CONUT score has been
extensively studied as an e�cient tool in different types of patients and contexts and the results in
different clinical scenarios have been of most relevance (5–18).

All the above research was conducted in hospitalized patients, and no meaningful information regarding
the use of CONUT in primary care is available.

However, it is crucial to look for the feasibility of implementing routine nutritional screening in general
practices (19).

Our aim was to automatically calculate the CONUT score in a large number of primary care patients when
all three involved laboratory markers were requested, and compare its performance with albumin to
identify risk of malnutrition. We planned to evaluate CONUT according to patient age, and evaluate the
costs of a potential strategy involving CONUT as a screening tool in all primary care patients that had a
laboratory request.

We hypothesized that CONUT score could be a valid �rst line tool to screen for patients at risk of
malnutrition in primary care to later be con�rmed / discarded with proven nutrition evaluation tools.

Methods

Setting and subjects
The clinical laboratory is located in a 370-bed suburban University Community Hospital that serves the
population of the Health Department (HD) (234551 inhabitants). It receives samples from inpatients and
outpatients and primary care patients that are phlebotomized in nine different primary care centres.
Samples are transported by couriers to the laboratory reception desk. Requests are made by general
practitioners (GPs) via computerized order entry, and results are also automatically sent to the electronic
medical record. In this study, we included all community inhabitants over 18 years old within the HD
covered by the clinical laboratory. The study was approved by the Hospital Research Committee.

Study Design
A cross sectional study was designed from January 1st 2018 to December 31st 2018. In consensus with
GPs, the CONUT score was automatically calculated by our Laboratory Information System (LIS) for
every primary care request when the three involved laboratory markers were requested, in accordance with
the tool described in Table 1.

Laboratory methods
The blood samples were collected using BD vacutainer tubes (Beckton Dickinson, NJ, USA).
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Albumin was measured through an immunoturbidimetric assay and total cholesterol through an
enzymatic colorimetric method (Cobas 8000, Roche, Mannheim, Germany).

Total lymphocyte were counted with clinical hematology analyzers (Sysmex, Kobe, Japan).

Data collection
For all primary care requests, we collected patient’s demographic data, CONUT and albumin value from
the LIS (iGestlab®), and compared CONUT and albumin values to evaluate for concordance, considering
risk of malnutrition CONUT ≥ 2, and albumin < 35 g/L.

We classi�ed results by patient’s age, and compared them for the different age brackets.

For the potential strategy involving CONUT as a screening tool in all laboratory requests from primary
care, we counted the number of non-demanded albumin and/or total cholesterol, when measured total
number of lymphocytes and serum availability. We calculated the hypothetical economic cost based on
both tests prices (0.09 € for total cholesterol, and 0.08 € for albumin).

Statistical analysis
Demographic summary statistics are reported as median (IQR) for continuous and frequency (%) for
categorical variables. Together with the requests’ basic information, differences were assessed using Chi-
square, U-Mann Whitney test and Kruskal-Wallis test where applicable. A two-sided p ≤ 0.05 rule was
utilized as the criterion for rejecting the null hypothesis of no difference. Statistical anlyses were done
using Statistical Package for the Social Sciences (SPSS), Version 22 (IBM Corp., Chicago, Illinois, USA).

Results
During the study period, the clinical laboratory received 74743 requests from primary care. CONUT score
was calculated in 9353 patients, as the 3 involved markers were requested, with a median (IQR) age of 68
(54–82) and 35.6% of whom were men. Of those, 2256 (24.1%) showed risk of malnutrition according to
the CONUT score (CONUT score ≥ 2), and 630 (6.7%) based on albumin (albumin < 35 g/L). Table 2
shows their demographic information and also albumin values according to CONUT score. Higher CONUT
scores were signi�cantly associated with male sex (P < .05), older age (P < .05) and lower albumin value
(P < .05).

As shown in Fig. 1, through both markers, the risk of malnutrition, increased as did patient age.

100% was the ability of albumin alone to identify cases of severe malnutrition, but only 17.5% of mild
based on CONUT score (Fig. 2).

From the 74743 total patients, in 65390 the score could have been calculated, as they had total peripheral
lymphocytes, and also serum availability to measure the missing non-requested test, either cholesterol or
albumin. The missing test was total cholesterol in 3351 and albumin in 64107. Through an expense of
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5430 €, the laboratory could have screened the entire HD primary care population that underwent a
laboratory test.

Discussion
This is the �rst study that investigates the relationship between CONUT, albumin and the risk of
malnutrition in primary care. The CONUT score, based on three widely used laboratory markers, detected
more patients at risk of malnutrition, than albumin alone. The intervention to automatically report the
CONUT score when all three necessary laboratory tests were requested was successful, and at a zero
cost. The number of patients at risk of malnutrition through the CONUT score increased with patient age.
By measuring non-requested albumin and/or total cholesterol tests needed for CONUT calculation when
serum was available and lymphocytes counted, it would be possible to assess the risk of malnutrition of
all primary care patients undergoing laboratory testing, at a very affordable and reasonable cost, for later
to be con�rmed/discarded with proven nutritional tools.

When comparing serum albumin levels < 35 g/L as the unique marker for risk malnutrition with CONUT
score, it would result in up to 80% of the subjects being misdiagnosed (20), as albumin alone identi�ed
every severe case, but missed a signi�cant number of patients at risk of malnutrition (mild and moderate
cases) through CONUT score. However, CONUT score identi�ed the risk of malnutrition in 24.1% of the
studied patients, �gures that may seem too high for a primary care population. It might be explained for
two facts. First, the patients with the three involved markers, and consequently evaluated for risk of
malnutrition through both methods, had a median (IQR) age of 68. These numbers are not representative
of a primary care population but of a primary care elderly population. Second, there could be patients
with clinical suspicion of risk of malnutrition, since the GP ordered serum albumin. Consequently, in our
study, CONUT score could have been calculated in a primary care elderly population at risk of
malnutrition.

Moreover, and to try to explain the differences in the number of patients identi�ed at risk of malnutrition
through CONUT and serum albumin, it has been reported that serum albumin cutoff of 35 g/L under-
diagnoses malnutrition as de�ned by validated nutrition screening tools such as Mini Nutritional
Assessment (MNA), Nutritional Risk Screening 2002 (NRS-2002), Mini Nutritional Assessment-Short Form
(MNA-SF), and Geriatric Nutritional Risk Index (GNRI)) (21). Moreover, the utility of serum albumin and the
traditional cutoff (35 g/l) in physically impaired elderly older people has also been reported that is
questionable (22). Based on the above, it might be reasonable to replace albumin for CONUT score. It
could be a better laboratory indicator to identify patients at risk of malnutrition, especially key in
overcrowded primary care. Malnutrition will be con�rmed/discarded as soon as possible with proven
nutritional assessment tools, to establish the appropriate measures for its correction and subsequent
monitoring.

Our study shows that the CONUT score increased with aging, as we detected more subjects at risk of
malnutrition in the elderly population. Malnutrition remains a signi�cant and highly prevalent public
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health problem of developed countries, especially in old population. Earlier identi�cation and appropriate
nutrition support may help to reverse or halt the malnutrition trajectory and the negative outcomes
associated with poor nutritional status (23). Healthcare professionals should identify the malnutrition
risk, and take action, as early as possible (24).

Detecting malnutrition in the general population through traditional tools could be too expensive. Our
study results of the potential intervention involving CONUT as a screening tool in all primary care patients
who had a laboratory request, by measuring serum albumin and/or total cholesterol when not requested,
taking advantage of the serum sample availability and the affordable reagent cost, seems cost-effective.
Especially if considering the examined population of more than 70000 primary care patients. The results
of our study provide us the opportunity to develop a large-scale opportunistic detection of the risk of
malnutrition in the general population, to be subsequently con�rmed/discarded through traditional
malnutrition evaluation tools.

The study had some limitations. First, patients with CONUT score showing risk of malnutrition were not
studied with the nutrition traditional tools, however it has been con�rmed in different settings the validity
of the CONUT system for early detection and monitoring of clinical undernutrition (25). Second, the
calculated economic investments may not apply to other countries or settings, since our laboratory
belongs to the Public Health Network, where reagent prices tend to be low.

CONUT score, calculated at no cost when requested involved laboratory markers, detected more patients
at risk of malnutrition than albumin, increased with patient age, and could be calculated in all primary
care patients by measuring unrequested tests, at a very affordable cost. The early detection of risk of
malnutrition at initial stages through the CONUT score, that could be con�rmed/discarded through
traditional nutritional tools, could greatly improve primary care patient’s outcome.

Conclusions
CONUT score calculated at no cost when requested involved laboratory markers, detected more patients
at risk of malnutrition than albumin, increased with patient age, and could be calculated in all primary
care patients by measuring unrequested tests, at a very affordable cost.
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Tables
Due to technical limitiations, Tables 1-2 are provided in the Supplementary Files section.

Figures
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Figure 1

Requests found to have CONUT and albumin values showing risk of malnutrition

Figure 2

Concordance in the detection of risk of malnutrition through CONUT and albumin
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