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ABSTRACT
Introduction: Hyperglycemia is a common occurrence in critically ill patients, and its prevalence 

in patients receiving nutritional support is much higher than in other patients. The non-diabetic 
form is associated with more undesirable outcomes. This study was performed to determine the 
prevalence of non-diabetic hyperglycemia and its correlates in patients receiving enteral nutrition.

Material and methods: This cross-sectional study was performed between March and December 
2015. Seven hundred forty eight (748) patients were reviewed to see if they met the inclusion 
criteria. After random sequence numbering, 414 patients who were eligible for further assessment 
and data gathering were selected. Hyperglycemia was defined as the blood glucose levels higher 
than either 126 mg/dL, in the fasting state, or 180 mg/dL, in a random state. Blood glucose was 
measured by an ACCU-CHECK glucometer (Roche diagnostics, Mannheim, Germany) three 
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INTRODUCTION

Hyperglycemia is a common occur-
rence in critically ill patients, even 
in those without any history of dia-
betes mellitus. During stress, injury 
or trauma, glucose metabolism will 

be altered because of changes in endocrine se-
cretions and peripheral insulin resistance, resul-
ting in hyperglycemia (1-3). The prevalence of 
hyperglycemia in patients receiving nutritional 
support is much higher than in other patients 
(4, 5). Elevation of blood glucose can occur by 
increased hepatic glucose production and its de-
creased consumption in peripheral tissues. Such 
changes will appear during hospital stresses, in-
cluding acute illness states, surgery, and trauma 
(6). This can provide a state for a change in the 
metabolism of carbohydrates. This hyperglyce-
mia can be considered a regular and normal 
physiologic response during stress or trauma, but 
in non-diabetic patients admitted to Intensive 
Care Unit (ICU) it has been recognized to be as-
sociated with worsening outcomes such as in-
creasing mortality and morbidity (7). Studies 
have suggested that a range of 70-200 mg/dL was 
safe for increasing in life survival (1, 8). In general 
agreement, acute hyperglycemia in ICU has been 
defined as a fasting blood sugar (BS) higher than 
126 mg/dL or a random blood sugar higher than 
200 mg/dL (9).

It has been proposed by AACE/ADA that 
blood glucose in patients with acute critical situ-
ation should be maintained in a 140-180 mg/dL 
range (10). According to a systematic review 
published by ASPEN, controlling blood glucose 
levels in the range of 180–200 mg/dL has been 
reported as the more safe range for critically ill 
patients (11). Previous studies have reported that 
hyperglycemia could be observed in 32-38% of 
patients (with or without diabetes mellitus) (12), 
with an occurrence of about 30% in patients with 
enteral nutrition (EN) (13), while its non-diabetic 
form was found in about 12% of patients (7). 
Other previous studies (2, 14, 15) have indicated 
an ICU prevalence of hyperglycemia in 15-17% 
of patients with enteral feeding. Reporting the 
different figures among studies may be in relation 
to the timing of initiating nutrition, route of nutri-
tion administration, caloric provision, glycemic 
target, and methods of blood glucose testing (11). 
In previous studies, various factors such as type 
of enteral nutrition, formula content, time of 
starting enteral nutrition (16), enteral nutrition 
prescription rate and volume (2), type of diagno-
sis, duration of hospitalization have been repor-
ted as factors that could affect the blood glucose 
level (3, 11, 17). This study was conducted to 
evaluate the prevalence of hyperglycemia and 
some previously addressed or anticipated corre-
lates in patients receiving enteral nutrition in 
ICU. 

times, after ICU admission, in both fasting and random state. A pre-prepared form was used to 
extract data from hospital records. Data analysis was performed by SPSS 21 software. 

Results: In this group of hospitalized patients, the prevalence of non-diabetic hyperglycemia 
was 14/49 (60/414). In the hyperglycemic subgroup, mean FBS was 228.00±36.42, mean random 
BS was 183.19±43.94 and mean blood sugar on the first day of hospitalization was 203.60 ± 60.79. 
The mean age of patients was 56.64±19.79 years and the mean duration of hospitalization was 
19.24±15.33 days. There was no significant relationship between enteral nutrition feeding volume 
and hyperglycemia. Majorly, patients aged above 60 years were hyperglycemic. The prevalence 
was higher in men than in women. Most patients were internal cases, but with the highest 
prevalence of hyperglycemia in surgical patients. 

Conclusion: Since among different studied variables just diagnosed disease and the level 
of provided calorie showed significant differences between subgroup categories, so it can be 
suggested that designing on-time appropriate management programs based them can be effective 
on the administration of non-diabetic hyperglycemia and its undesirable consequences in such 
patients.

Keywords: Non-diabetic hyperglycemia, correlates, enteral nutrition, ICU patients 
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MATERIAL & METHODS

This cross-sectional study was performed be-
tween March and December 2015 in patients 

who received enteral feeding. Subjects were re-
cruited from six different ICUs including 
GICU‘̒NICU ‘̒SICU ‘̒MICU ‘̒Stroke and post sur-
ge ry ICU. From 748 patients who were reviewed 
to see if they met the inclusion criteria, 414 were 
eligible for further assessment and data gathe-
ring, and after random sequence numbering, 60 
of these were found to have hyperglycemia 
based on consequently mentioned criteria. Pa-
tients whose levels of either fasting blood sugar 
were higher than 126 mg/dL or random blood 
sugar were higher than 180 mg/dL were consi-
dered to be hyperglycemic. Patients aged 
18 years and older were selected. Inclusion crite-
ria were as follows: stay in ICU for at least 
72-96 hours, having any type of enteral feeding 
(NGT, OGT, PEG/PEJ or their combinations), lack 
of receiving hyperglycemic agents, GCS ≥ 3, ab-
sence of liver and pancreatic disorders, or kidney 
failure, or nephritic syndrome.

A pre-prepared form was used for extracting 
data from hospital records. Data related to de-
mographic characteristics, baseline blood glu-
cose level (admission time), fasting blood glu-
cose, random blood glucose, length of ICU stay, 
type of enteral formulas, volume and route of 
feeding was gathered. Blood glucose was mea-
sured by an ACCU-CHECK glucometer (Roche 
diagnostics, Mannheim, Germany) and recorded 
in specific forms in the patient’s medical records. 
The first blood sugar sample that was taken after 
ICU entrance was considered as admission time 

BS. Measured blood sugar at the NPO status or 
eight hours after the latest dietary intake was 
considered as fasting blood sugar. For each pa-
tient, blood glucose data was recorded at 17 to 
18 p.m. daily and it was considered as random 
blood sugar. Mean blood sugar were calculated 
from different figures recorded for different days 
during hospitalization. Data analysis was per-
formed by SPSS 21 software. Before data analy-
sis, each dataset was assessed for normality with 
Kolmogorov-Smirnov test. Independent sample 
t-test was used for comparing means between 
two groups based on normal and quantitative 
variables. Mann-Whitney test was used for com-
paring two independent groups based on quali-
tative variables. The 2 test was used for analysis 
of differences based on sets of categorical vari-
ables. ANOVA and Kruskal-Wallis tests were used 
for comparing data between three different sub-
groups based on the type of variables (for quanti-
tative and qualitative variables, respectively). 

RESULTS

Two hundred and twenty-six (54.6%) patients 
were men and 188 (45.4%) women. Mean 

patients age was 56.64±19.79 and the mean 
duration of hospitalization 19.24±15.33 days. 
Of all patients, 14.49% (60/414) presented 
non-dia betic hyperglycemia; in these hypergly-
cemic patients, mean FBS was 228.00±36.42, 
mean random BS 183.19±43.94 and mean 
blood sugar on the first day of hospitalization was 
203.60±60.79.

Based on diagnosed disease among the hy-
perglycemic subgroup, patients distribution was 

TABLE 1. Baseline and demographic characteristics of the study population

Variable Non-diabetic hyperglycemic (N=60) Control (N=354)

Age (year) 54.52±15.21 55.76±19.82
Height (cm) 163.11±8.06 167.51±7.971
Weight (kg) 68.60±9.41 63.27±16.15
BMI 25.82±3.30 22.81±5.90
EN volume (cc/day) 1683.68±452.67 1770.21±759.10
FBS (mg/dL) 228.00±36.42 106.00±34.40
Random BS (mg/dL) 183.19±43.94 116.80±27.67
Insulin (IU/day) 4.72±5.87 .098±.43395
Energy intake (kcal/day) 1683.68±452.66 1082.55±639.99
Energy requirement (kcal/day) 1738.68±335.75 1812.42±240.70
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as below: 38 (63.3%) were the internal cases, 18 
(30%) surgical cases, and 4 (6.7%) trauma pa-
tients. Results for reporting hyperglycemia preva-
lence based on age showed a higher prevalence 
(57.14 %) in patients aged above 60 years. Preva-
lence was higher in males than in females.

For detecting the association between the 
prevalence of hyperglycemia and some factors, a 
comparison between hyperglycemic and non-
hyper glycemic groups was done. There were no 
significant differences between groups with re-
spect to the average volume of received enteral 
feeding (p=0.20). Results from the correlation 
analysis with Pearson correlation test showed no 
significant association between mean random 
blood sugar and volume of received enteral fee-
ding (p=0.99). Forty nine (81.6%) patients re-
ceived nasogastric tube (NGT) feeding, 6 (10%) 
OGT and 5 (8.3%) PEG/PEG. Although the distri-
bution among the three groups based on the 
route of feeding was unbalanced, one-way 
ANOVA analysis showed that there was no sig-
nificant difference in the mean blood glucose 
level between three groups based on the feeding 

route. There was just a significant difference be-
tween the groups of patients with three different 
types of diagnosed diseases, with higher preva-
lence among surgical patients.

Among hyperglycemic patients included in 
different feeding route categories, the 
Kruskal-Wallis test showed a significant diffe-
rence between groups (P<0.001). Results based 
on hyperglycemia distribution between the two 
genders showed that 57.15% of the hyperglyce-
mic patients were men and 42.85% women, but 
the 2 test showed no significant difference be-
tween sex groups. In 72.7% of hyperglycemic 
patients, more than 75% of their personal energy 
requirements was satisfied. Data analysis based 
on Mann-Whitney test showed a significant hy-
perglycemia prevalence between two groups 
(energy requirement satisfaction <74.99% and 
≥75%, respectively) (P<0.001). 

DISCUSSION 

Hyperglycemia is a common occurrence in 
critically ill patients even without any history 

of diabetes mellitus. It has been proposed that its 
prevalence in patients receiving nutritional sup-
port is much higher than in other patients. In this 
study that was performed on a sample of patients 
with an average age of 56.64±19.79 years who 
received enteral nutrition, the prevalence of 
non-diabetic hyperglycemia was about 14.5%. 
Results from a current study with respect to the 
percent of patients with a new prevalence of hy-
perglycemia are comparable to those reported 
by Umpierrez et al. (7), who showed that 62% of 
their study population was normoglycemic, 26% 
had previously diagnosed diabetes and 12% 

Groups Mean SD F P value

Feeding 
routes

NGT 155.66 50.52
OGT 186.11 42.60 1.98 P= 0.144
PEG/PEJ 158.70 50.70

Type of 
diseases

Internal 158.99       51.97
Surgical 174.69 49.19 3.22 P= 0.044
Trauma 129.17 33.84

TABLE 2. Results from one-way ANOVA between 
three feeding route groups and disease types based on 
blood sugar levels 

FIGURE 1. Patients distribution based on diagnosed disease categories in two groups

Non-diabetic hyperglycemics Control
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newly identified hyperglycemia; the authors re-
ported that their patients with new hyperglyce-
mia have a higher in-hospital mortality (16%) 
compared to others with a known history of dia-
betes and normoglycemia (3%). In contrast, in 
our study, the prevalence was higher in men than 
in women. In the study of Whitcomb et al. (13), 
the occurrence of hyperglycemia was higher in 
females than males, and the percent of hypergly-
cemic females was 29.9% in comparison with 
males (25.4% of the total studied population). In 
our study, the percent of hyperglycemic women 
was 8.27% of the total studied population and 
that of hyperglycemic men 6.2%. The main dif-
ference between our study and Whitcomb et al.’s 
study was that the latter included all types of hy-
perglycemic patients (diabetic and non-dia-
betics), while we included only non-diabetic hy-
perglycemia patients. In Whitcomb et al.’s stu dy, 
hyperglycemia has been defined as casual 
(not-fasting) blood glucose of 200 mg/dL on the 
admission date to ICU. Just one study performed 
on non-diabetic hyperglycemia in SAH patients 
(14) reported that the percent of affected men 
was 29%, with no reported percent of distribu-
tion between the two genders, and the authors 
considered that patients were hyperglycemic 
when their blood glucose level was 5.8 mmol/L 
(105 mg/dL), while in our study we considered 
hyperglycemia for blood glucose levels higher 
than 180 mg/dL. As previously mentioned in the 
introduction section, it has been commonly a  -
gre ed that it was safer to control blood glucose 
levels in the range of 180–200 mg/dL. 

Most patients received their enteral formula 
through NGT, similarly to other studies that sta-
ted that the NGT route was more frequently 
used. In our study, most cases were internal cases 
with highest hyperglycemia prevalence in surgi-
cal patients. There are several studies whose au-
thors – Krinsley (15), Umpierrez, et al. (7), Campbell 
and McDowell (2) – also report a similar diagno-
sis distribution.

In this study, we found an average blood glu-
cose level on admission of 203.60 ± 60.79 mg/dL, 
which was higher than in previous studies 
(18, 19), while the values reported by other au-
thors were 170 mg/dL [Rajabian et al. (10)], 
137± 53 mg/dL [Mousavi et al. (12)], and 
139±43.7 mg/dL [Frier et al. (16)]. The mean 
random blood sugar in our sample population 
was 183.19±43.94 mg/dL, but only 142±57.4 

mg/dL in the study of Mousavi et al. (12), and 
176.2±11.3 mg/dL in Frier’s study (16). 

One of the major differences between this 
study and others is that ours was designed spe-
cifically for the detection hyperglycemia preva-
lence, while others have reported hyperglycemia 
in the context of other results. Frier (16) and 
Krinsley (15) reported a hyperglycemia preva-
lence of 12%. In this study, we considered a usu-
ally mixed sample of patients, in contrast with 
others that reported hyperglycemia values in 
specifical subgroups of patients (10, 12). For 
e xample, other previous studies (14, 20, 21) in-
dicated an ICU prevalence hyperglycemia of 
15-17% in patients with enteral feeding. This fi-
gure has been reported for traumatic patients. In 
our study, we have calculated the mean random 
BS from different BS measured at different times 
during the study. In the current study, the preva-
lence of hyperglycemia was higher in men than 
in women, but none of other previous studies 
have reported such results. In this study, the 
mean age of the sample population was approxi-
mately similar with that of other study popu-
lations. The duration of our study (10 months) 
was longer than that of other studies, that repor-
ted a shorter period of time (10, 12).

Our results with respect to the feeding route 
were in agreement with others (2), that reported 
higher hyperglycemia in patients with nasogastric 
tube feeding. In the current study, most of the 
patients received their provided formula via a na-
sogastric tube. Since our findings are in line with 
those of similar previous studies and, typically, in 
ICU there are more patients with NGT feeding 
during hospitalization, further good quality and 
well-controlled randomized trials will be needed 
to detect the real causal relationship between 
non-diabetic hyperglycemia and type of EN fe-
eding routes.

Regarding the level of provided calorie and its 
relation with hyperglycemia, some previous stu-
dies indicated that calorie-restricted diets can 
improve the hyperglycemic status (19, 22). As we 
see in the current study, the higher level of hy-
perglycemia was observed in the group with the 
higher level of energy intake. On another hand, 
we can see that, in some studies, also in patients 
with minimum or even no intake, hyperglycemia 
can be arisen as a result of induced gluconeoge-
nesis and increased level of liver glucose produc-
tion. It seems that providing a diet with a mode-
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rate level of calorie and appropriate with patient’s 
requirements based on currently provided guide-
lines may have a remedial effect.

Finally, results from this study recommended 
that the prevalence of hyperglycemia in our in-
tensive care units could be situated in the range 
of 14-15%. It can be different in various patient 
groups without a previously diagnosed diabetes 
history. The prevalence of hyperglycemia was not 
associated with the feeding volume. The fre-
quency of hyperglycemia episodes in these pa-
tients was different according to patients’ dia-
gnosed disease groups. Also, in this study group 
of ICU hospitalized patients, the level of calorie 

intake and type of enteral feeding was related to 
non-diabetic hyperglycemia, so it might be sug-
gested that designing on-time appropriate ma -
na gement programs could be effective on the ad-
ministration of non-diabetic hyperglycemia and its 
undesirable consequences in such patients.  
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