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Abstract

Background:

Malnutrition is prevalent among patients hospitalized in Intensive Care Units (ICUs) and causes various
complications. Dietary supplementation to provide appropriate nutritional support may reduce the
malnutrition and complications through improvement in nutritional status. This study was carried out to
assess the association between dietary supplementation and malnutrition among patients in ICUs.

Methods:

A case—control study was conducted on 180 male patients aged 2060 years in the ICUs of the hospitals in
Ahvaz, Iran in 2013. Data of two groups including 83 patients (cases) who had consumed regular hospital
meals and dietary supplements and 97 patients (controls) who had received regular hospital meals were
compared. Anthropometric measurements, laboratory values, and dietary intakes were extracted from
medical records, and Maastricht index (MI) was calculated. Data were analyzed using the IBM SPSS
Statistics 21. T-test and paired-sample z-test were used to determine the difference between groups.

Results:

Taking supplements increased daily energy intake, carbohydrate, and protein in case group (n = 83)
significantly (P < 0.05). MI changed to 3.1 + 3.8 and 4.3 = 4.2 in case (r = 83) and control (n = 97) groups,
respectively. Although the MI fell in both groups, it showed a greater reduction in case group (from 6.3 +
53t03.1+£3.8).

Conclusions:

Since consuming dietary supplements besides the regular hospital meals increased intake of energy and
macronutrients and reduced the MI significantly, it was concluded that it helped supply nutritional
requirements more effectively and improved the malnutrition in ICU.
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INTRODUCTION

Supply of nutritional requirements is vital for all patients, especially for who cannot meet their nutritional
needs normally.[1] In addition, appropriate and timely nutritional support results in reducing mortality rate
in hospitalized patients.[2] Patients of Intensive Care Unit (ICU) need special medical care including
nutritional care because of the complications caused by acute reaction or dysfunction of one or more body
organs including the cardiovascular or respiratory systems.[3] The prevalence of malnutrition is estimated
at 50% and 43% for the patients of the general ward and ICU, respectively. Besides, 15-70% of patients
suffer from malnutrition on the admission to the hospitals.[4] In recent years, according to the Acute
Physiology and Chronic Health Evaluation, mortality rate in ICUs is reported at 13.6-36%.[5] The high
prevalence of malnutrition can be caused by the hypermetabolic state, anorexia, admission of the
malnourished patients, and hospital infections.[6,7,8] Malnutrition brings several disadvantages, namely,
increase in the length of hospitalization, delay in wound healing, immune system dysfunction, loss of
muscle mass, and eventually death.[9] Providing the calorie and macronutrients requirements, supportive
formulas, and immediate and continuous nutritional assessments can prevent these disadvantages.[10,11]
Moreover, consumption of dietary supplements containing multivitamins and minerals can improve the
appetite.[12] Thus, anorexia as a prevalent outcome of hospitalization can be prevented to some extent and
patients would receive more energy and macronutrients, subsequently.[12] Finally, it may reduce the
malnutrition and death rate in the hospitals.[12] Besides the treatment of primary disease, providing the
energy requirement of the tissues and organs is the most significant action to rehabilitate the malnourished
patients. Nutritional assessment includes biochemical analyses, anthropometric measurements, clinical
observation, and dietary evaluation. Biochemical analysis is inevitable to assess the clinical and subclinical
deficiencies. Albumin which is a biochemical parameter decreases subsequently in mild and moderate
malnutrition.[13] Anthropometric measurements including measurements of body weight and body mass
index (BMI) are common methods to screen the malnutrition in hospitalized patients. Malnutrition is
defined by more than 10% weight loss or BMI <18.5 kg/mz.[ﬁ] Maastricht index (MI) is one of the best
indicators to evaluate nutritional status among the patients. Both anthropometric indicators and biochemical
parameters, namely, albumin, prealbumin, and total lymphocyte count (TLC), are involved in MI
calculation.[15,16,17] Due to the high prevalence of malnutrition in patients of ICUs and the probable
advantage of the dietary supplements on the malnutrition, this study aimed to evaluate the relationship
between dietary supplementation and malnutrition status among the patients admitted to the ICUs in
Ahvaz, Iran.

METHODS

This case—control study was conducted on 180 patients in 2013. Data were extracted from the medical
records of the patients in ICUs in hospitals in Ahvaz, Iran. Participants were 20—60 years old men and
could receive their food orally. Those who suffered from malnutrition at admission, diabetes, liver, or

kidney diseases were excluded (diabetes, liver, and kidney diseases cause restriction in taking dietary

supplements).

Ethical clearance was obtained from the University Research Ethics Committee of Ahvaz Jundishapur
University of Medical Sciences, Iran and written informed consent was obtained to use the information of
their medical records.

Participants included case group (n = 83) who had consumed regular hospital meals with supplements and
control group (» = 97) who had received only regular hospital meals. Regular hospital meals had been
provided to both groups during the study.

Anthropometric measurements including weight and height, intakes of energy and macronutrients, and
laboratory values including albumin, prealbumin, and TLC were extracted from the medical records of the
patients at the start and end of a 10-day period of hospitalization in ICUs. BMI and MI were calculated.

Ideal body weight (IBW), which was used to calculate the Maastricht Index, was determined by its specific
formula.[13] MI was determined for all patients using the following formula:[16]

MI = 20.68 — (0.24 x serum albumin g/L) — (19.21 % serum prealbumin g/L) — (1.86 x TLC [106 cells/L])
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~(0.04 x IBW).

The result of this calculation is a score which determines the level of malnutrition in the patient. Scores
lower than zero indicate nutritional adequacy while zero and greater values determine the malnutrition
status.[15,16,17]

The dietary supplement used was Fortimel (Nutricia Factory, the Netherlands) [Table 1]. Case group had
received one-third to half of their energy requirements from supplement and the rest had been from regular
hospital meals. In control group, all nutritional needs including daily energy had been supplied by the
hospital meals alone. Energy requirement had been calculated using resting metabolic rate based on the
physical activity level, stress, surgery, infection, and disease by ICU nutritionists and dietitians. The
amounts, compositions and frequency of meals, probable plate wastes, and supplements had been recorded
by the expert nutritionists and dietitians of ICUs in hospitals in the medical records of the patients. In this
study, this information was used to calculate the intakes of energy, macronutrients, and dietary supplements
using 7-day food record by the Nutritionist 4 software version 3.5.2 (N-Squared Computing, San Bruno,
CA, USA).

In general, the normal range of serum albumin is proposed as 3.4—5.4 g/dL. Low levels of albumin can
indicate different complications, namely, malnutrition.[18] Prealbumin is a marker in monitoring the
response to the nutritional support. Its reference value is 19-38 mg/dL.[19]

Data were analyzed using the IBM SPSS statistics 21 (IBM Corp., Armonk, NY, USA). Normal
distribution of data was tested using skewness. Skewness values between —2 and +2 were considered
acceptable. 7-test and paired-sample #-test were used to compare the groups. P < 0.05 was considered
statistically significant.

RESULTS

In this study, there were no significant differences between the age of the case (54.3 £ 8.7 years) and
control (55.1 £ 9.2 years) groups (P > 0.05). In addition, IBW of cases (78.1 £+ 7.9 kg) and controls (80.3 +
8.7 kg) was not statistically different (P > 0.05). While there were no significant differences in energy
intake and the percentage of energy from macronutrients between two groups at the baseline of the study,
daily intake of energy, carbohydrate, and protein of the case group was significantly higher at the end of the
study (P <0.01) [Table 2].

Results of this study showed that in case group, albumin (35.8 + 6.1 g/L) and prealbumin (18.3 + 6.7 mg/L)
were significantly higher and TLC (1327.865 £901.1 cell/mm3) was significantly lower at the 10t day (P
=0.001) whereas the two groups had no significant differences at the beginning of this study (P > 0.05) [
Table 3]. In addition, M1, which had no differences between case (6.3 £ 5.3) and control (4.7 £ 4.2) groups
at the baseline of the study (P = 0.06), declined significantly after 10 days in both groups with a greater
drop in those in case group (MI: Case group: 3.1 £ 3.8; control group: 4.3 £4.2, P=0.001) [Table 4].

DISCUSSION

Results of this study showed that consuming dietary supplements besides the regular hospital meals can
help the patients to meet their nutritional needs and improve their malnutrition. This is consistent with the
findings of the study in Tehran, Iran, by Hosseinpour-Niazi ef al. who found that dietary supplements
increased BMI of the patients by one unit and reduced the prevalence of malnutrition by 17%.[17] In
addition, another study among 100 patients in ICU showed that 61% of patients received insufficient daily
energy from regular hospital meals and the mid-arm circumference which indicates malnutrition severity
declined in 69%. Therefore, they concluded that ICU patients were at risk of failing to meet their
nutritional requirements and dietary supplementation besides the regular hospital meals was necessary to
avoid this problem.[20] Moreover, it is approved that dietary supplementation of ICU patients not only
improves laboratory values but also decreases the malnutrition and mortality rate caused by infection.[21]

In this cross-sectional study, dietary supplement was a commercial formula. It provided the standard
amounts of energy and nutrients. Interestingly, Abbasinazari et al. who compared the nutritional status of
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two groups of patients received enteral nutrition showed that patients who consumed the commercial
formula had lower MI than those who received hospital-made formula. This result approved the better
nutritional status of patients who were fed by the standard feeding formula.[22]

Results of this study showed that dietary supplements significantly increased intake of energy,
carbohydrate, and protein, reduced malnutrition severity, and improved nutritional status and laboratory
values including albumin, prealbumin, and TLC in ICU patients. Similarly, another study on 207 patients in
ICU showed that increased amounts of energy and protein led to lower rate of infection and better clinical
outcomes.[23] In addition, Alberda et al. in an observational cohort study in 167 ICU centers in 37
countries found that an increase of 1000 kcal/day in energy intake or 30 g/day in protein intake was related
to reduced 60-day mortality rate and increased number of days that patients could live without ventilator.
These effects were reported in patients who had a BMI of <25 kg/m2 or equal or >35 kg/rn2 while those
who had a BMI between 25 kg/m2 and 35 kg/m2 showed no significant association. They concluded that
increased intake of energy and protein improved clinical outcomes in critically ill patients with BMI <25
kg/m? or >35 kg/m>.[24]

This study had some limitations similar to other studies. First, the inclusion of only male patients reduced
the representativeness of the sample and thus the generalizability of results. In addition, patients who
needed enteral nutrition were not included.

CONCLUSIONS

Dietary supplements alongside the regular hospital meals may help provide the nutritional requirements
including energy and macronutrients more effectively and prevent or improve malnutrition in ICU patients,
subsequently. Further research including randomized clinical trials is needed to approve the effect of
dietary supplementation on the malnutrition status in ICU.

Financial support and sponsorship

Nil.

Conflicts of Interest

There are no conflicts of interests.

Acknowledgements

We are grateful to Ahvaz Jundishapur University of Medical Sciences. Also, we acknowledge staffs of
ICUs in hospitals in Ahvaz, Iran.

REFERENCES
1. Geissler C, Powers H. 11th ed. Netherland: Elsevier; 2006. Human Nutrition; pp. 573-95.

2. Casaer MP, Ziegler TR. Nutritional support in critical illness and recovery. Lancet Diabetes Endocrinol.
2015;3:734-45. [PubMed: 26071886]

3. Grigorakos L, Sotiriou E, Markou N, Stratouli S, Boutzouka E, Philntisis G, et al. Combined nutritional
support in patients with chronic obstructive pulmonary disease (COPD), under mechanical ventilation
(MV) Hepatogastroenterology. 2009;56:1612—4. [PubMed: 20214203]

4. Barr J, Hecht M, Flavin KE, Khorana A, Gould MK. Outcomes in critically ill patients before and after
the implementation of an evidence-based nutritional management protocol. Chest. 2004;125:1446-57.
[PubMed: 15078758]

5. Asadzandi M, Karati KT, Tadrisi SD, Ebadi A. Estimation of the mortality rate using the APACHE II
standard disease severity scoring system in intensive care unit patients. Iran J Crit Care Nurs.
2012;4:209-14.

6. Payne-James J, Grimble GK, Silk DB. 2nd ed. London: MPG Book; 2001. Artificial Nutrition Support in

4 of 10 YYAP/YAY V:¥E ¢ ia



Intake of Dietary Supplements and Malnutrition in Patients in Intensiv...  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4966199/?report=prin...

50f10

Clinical Practice; pp. 325-9.

7. Ahsan B, Khaledi S. Knowledge and mortality of ICU patients in Tohid Hospital of Sanandaj in 2001.
Med Sci Kordestan Univ. 2005;9:20-5.

8. Yoosef-zadeh CH, Shab-Bidar S, Dehnadi A, Ahmadi D. Nutritional support in head damage patients in
ICU. Gorgan Univ Med Sci. 2008;3:53-8.

9. Wischmeyer PE. Malnutrition in the acutely ill patient: Is it more than just protein and energy? South Afr
J Clin Nutr. 2011;24:S1-7.

10. Delgado AF, Okay TS, Leone C, Nichols B, Del Negro GM, Vaz FA. Hospital malnutrition and
inflammatory response in critically ill children and adolescents admitted to a tertiary intensive care unit.
Clinics (Sao Paulo) 2008;63:357-62. [PMCID: PMC2664228] [PubMed: 18568246]

11. Salehifar E, Aala SH, Hosseini H. The study of hospital gavage solution and calorie and protein intake
for patients’ needs from the special care unit at Imam Khomeini Hospital, Sari, Iran during 2005-2006. J
Mazandaran Univ Med Sci. 2008;18:81-5.

12. Fatima S, Gerasimidis K, Wright C, Tsiountsioura M, Arvanitidou EI, Malkova D. Response of appetite
and potential appetite regulators following intake of high energy nutritional supplements. Appetite.
2015;95:36-43. [PubMed: 26119811]

13. Mahan LK, Escott-Stump S. Philadelphia: Saunders/Elsevier; 2012. Krauses Food & Nutrition
Therapy; p. 415.

14. Rojer AG, Kruizenga HM, Trappenburg MC, Reijnierse EM, Sipila S, Narici MV, et al. The prevalence
of malnutrition according to the new ESPEN definition in four diverse populations. Clin Nutr.
2015;15:174-8.

15. Mueller C, Compher C, Ellen DM. American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.)
Board of Directors. A.S.P.E.N. clinical guidelines: Nutrition screening, assessment, and intervention in
adults. JPEN J Parenter Enteral Nutr. 2011;35:16-24. [PubMed: 21224430]

16. Kuzu MA, Terzioglu H, Geng V, Erkek AB, Ozban M, Sonyiirek P, et al. Preoperative nutritional risk
assessment in predicting postoperative outcome in patients undergoing major surgery. World J Surg.
2006;30:378-90. [PubMed: 16479353]

17. Hosseinpour-Niazi S, Naderi Z, Hosseinpour-Niazi N, Delshad M, Mirmiran P, Azizi F. Prevalence of
malnutrition in hospitalized patients in Taleghani Hospital in Tehran. J] Gorgan Univ Med Sci.
2011;13:97-106.

18. McPherson RA. Specific proteins. In: McPherson RA, Pincus MR, editors. Henry's Clinical Diagnosis
and Management by Laboratory Methods. 22nd ed. Ch. 19. Philadelphia, PA: Elsevier Saunders; 2011.

19. Shenkin A. Serum prealbumin: Is it a marker of nutritional status or of risk of malnutrition? Clin Chem.
2006;52:2177-9. [PubMed: 17138848]

20. Daneshzad E, Azadbakhat L, Neamani F, Abasi S, Shirani F, Adibi P. Nutritional assessment of ICU
impatients in Alzahra Hospital. J Health Syst Res. 2014;10:655-68.

21. Ramprasad R, Kapoor MC. Nutrition in intensive care. J Anaesthesiol Clin Pharmacol. 2012;28:1-3.
[PMCID: PMC3275938] [PubMed: 22345935]

22. Abbasinazari M, Fariborz Farsad B, Alavi SM, Bakhshandeh H, Kharazmkia A, Ariaeinejad P.
Comparison of Maastricht index between ICU admitted patients receiving a standard enteral feeding
product or kitchen made enteral feeding in a teaching hospital of Iran. ] Mazandaran Univ Med Sci.
2011;21:54-60.

23. Wischmeyer PE, Heyland DK. The future of critical care nutrition therapy. Crit Care Clin.
2010;26:433-41, vii. [PubMed: 20643297]

VWAP/TNY VFF e



Intake of Dietary Supplements and Malnutrition in Patients in Intensiv...  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4966199/?report=prin...

24, Alberda C, Gramlich L, Jones N, Jeejeebhoy K, Day AG, Dhaliwal R, et al. The relationship between
nutritional intake and clinical outcomes in critically ill patients: Results of an international multicenter
observational study. Intensive Care Med. 2009;35:1728-37. [PubMed: 19572118]

Figures and Tables

6 of 10 YYAP/YAY V:¥E ¢ ia



Intake of Dietary Supplements and Malnutrition in Patients in Intensiv...  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4966199/?report=prin...

Table 1

Average contents In100 g In 100 ml (23 g powder)
Energy (keal) 420 100

Protein (g) 21.9 5

Fat (g) 145 3.3
Carbohydrate (g) 53.5 12.3

Fiber (g) 2.6 0.6
Osmolarity (mOsmol/L) 370 -

Dietary information of the Fortimel supplement
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Table 2
Variables Mean*SD P
Case Control

BMI (kg/m?)
Base 23.8+2.7 24.1+3.4 0.07
10* day 243+2.7 23.9+3.4 0.05
0.04 0.05

Energy (keal)
Base 1928 +291 2119+235 0.05
10* day 2321+188 2062+241 0.001
P 0.001 0.08

Carbohydrate (%El)
Base 51+3.6 51+2.8 0.05
10* day 54+4.1 52+3.2 0.01
0.02 0.1 -

Protein (%El)
Base 20+46 19+5.6 0.05
10* day 23+4.4 19+4.5 0.001
P 0.01 0.09

Fat (%El)
Base 29+36 28+3.6 0.05
10* day 23+3.6 29+3.6 0.001
P 0.001 0.07

%El: Percentage of energy intake; P value for independent sample t-test, °P value for
paired sample t-test. SD: Standard deviation, BMI: Body mass index

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4966 199/ ?report=prin...

Comparison of body mass index, energy intake, and percentage of energy from macronutrients between two

groups
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Table 3
Variables Mean*SD P
Case (dietary Control (regular
supplements + hospital meals)
regular hospital meals)
Albumin (g/L)
Base 32.3+4.2 33.4+5.2 0.07
10* day 35.8+6.1 33.9+5.4 0.001
= 0.02 0.18
Prealbumin (mg/L)
Base 10.8+5.5 10.1+4.1 0.07
10* day 18.3+6.7 11.3+4.9 0.001
™ 0.001 0.08 -

Total lymphocyte
count (cell/mm?)

Base 2713.933=510.2 1943.886+645.2 0.06

10* day 1327.865+901.1 1432.924+832.2 0.001

0.001 0.06 -
*P value for Independent sample t-test, ®P value for paired sample t-test. SD: Standard
deviation

Comparison of albumin, prealbumin, and total lymphocyte count between two groups
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Table 4
Maastricht index Mean£SD P
Case (dietary Control (regular
supplements + hospital meals)
regular hospital meals)

Base 6353 47+42 0.06

10* day 3.1+38 43+42 0.001

P 0.007 0.07 -

*P yalue for independent sample t-test, °P value for paired sample t-test. 5D: Standard
deviation

Comparison of Maastricht index between two groups

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4966199/?report=prin...

Articles from International Journal of Preventive Medicine are provided here courtesy of Medknow Publications

VWAP/TNY VFF e



