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Abstract

Acute glycemic control significantly affects the clinical outcomes of critically ill patients. This updated network meta-
analysis examines the benefits and harms of four target blood glucose levels (< 110, 110-144, 144-180, and > 180 mg/
dL). Analyzing data of 27,541 patients from 37 trials, the surface under the cumulative ranking curve for mortality

and hypoglycemia was highest at a target blood glucose level of 144-180 mg/dL, while for infection and acute kidney
injury at 110-144 mg/dL. Further evidence is needed to determine whether 110-144 or 144-180 mg/dL is superior

as an optimal glucose target, considering prioritized outcomes.
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Background

Though multiple studies have compared levels of glyce-
mic control in critically ill patients, the optimal target
blood glucose levels remain uncertain. The benefits of
intensive insulin therapy (IIT) on patient outcomes were
reported in 2001 [1], though conflicting results were
reported in a recent large randomized controlled trial
(RCT) [2]. This updated network meta-analysis was con-
ducted to compare the benefits and harms of acute glyce-
mic control and target blood glucose levels, including the
results of a novel large-scale study.
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Methods

As this is an updated network meta-analysis of a previ-
ous study [3], a comprehensive search for English or Japa-
nese RCTs in the PubMed, Cochrane Library databases,
and ICHUSHI (April 1, 2019 to October 22, 2023) was
conducted to identify additional studies regarding gly-
cemic control in critically ill patients (Additional file 1).
This study was registered in the University Hospital
Medical Information Network Clinical Trials Registry
(ID: 000049483). The titles and abstracts of the identi-
fied studies were independently screened by three inves-
tigators. Studies reporting primary data regarding adult
patients treated in the intensive care unit were included
if they compared different blood glucose target levels
and reported outcome measures. The primary outcome
of this study was hospital mortality. Secondary outcomes
were 28- or 30-day mortality, long-term mortality, risk of
infection resulting in sepsis, hypoglycemia (blood glu-
cose levels <40 mg/dL), and acute kidney injury (AKI; as
defined by each author). The patients were divided into
four groups based on the upper limit of the target blood
glucose level: <110, 110-144, 144-180, or >180 mg/dL
[3, 4]. A network meta-analysis was conducted to identify
the optimal target blood glucose levels within a Bayes-
ian framework using JAGS (version 4.3.0; SourceForge,
San Diego, CA) and R (version 4.0.4; R Foundation for

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40560-024-00728-0&domain=pdf
http://orcid.org/0000-0002-3522-6857

Page 2 of 5

(2024) 12:14

Tanaka et al. Journal of Intensive Care

(10W g 01 Joma) /1) 000 42d 10w 07 | p/Bwi 081 <
(10w ¢/ 0} 19M3} 78) 000 | Jod 210w 8| | /6w 08L-b1 L
1P/BW #7L-0L L SA
(WaeR4 (2I0W 7§ 01 19M3} £7) 0001 Jod 210w 8 Tp/Bw 08l <
(99¢) € (310W $8| 0} 18M3} 99) 000 | Jod 210w 0| /6w 08L-btL
(868) | (910w £z 01 19M3} £9) 000 | 42d 1am3) ¢ Tp/bw #71-0L L
(Lov) T 9|gewnss ON Tp/Bwoll>
Tp/BW L L >sA
(vdDNS) duey (14D %G6) 22Ud41341p dNjosqy
Kanfui A3upny aIndy
(210w (240w (2I0W (210w (2I0W
9| 0} JoMd} 9) 19 01 210U §) /G 0} J9M3} €7) ¥ 0} Jamay |) 80} Jamay |)
0001 4ad 19may} 0 0001 Jod 210w 97 0001 Jod 10w €| 0001 Jod 10w | 0001 Jod 10w 7 Ip/bw 081 <
Ip/BW 08111 SA
(210w
(210W Q| 0} JaMm3y 8|z 01 alow (dIow (2I0W 66 0F 1amay (dIow
G€) 0001 4od 61) 0001 Jad 0€ 1 01 1ama) 9g) TC1) 0001 4od LG 01 19M3) €6)
19M3) 87 2I0W 601 0001 4od ajow g 19M3) 87 0001 Jod a10w g¢ Ip/bw 081 <
(210W 6 0} JaMm3} (210w (210w (210W €8 0 Joma} (210w
18) 0001 Jod L €1 0} Joma} 84) 71 01 1aM3} 69) Ge1) 0001 Jod 0C 1 O3 1ama} 96)
19Ma} 69 0001 Jod a10w 67 0001 Jod 210w | 19M3) ¢f 0001 Jod a10w & p/BW 08— |
Tp/BW ##1-0L L SA
(1omay
6¢ 01 1oMa) (20w (20w (210w (20w
¥5) 0001 42d 89 0} 2I0U ) LT 01IaM3)61) 0G 01 Jamaj 7€) T 01 1omaj € 1)
6'18) T lomo} 8 (C1)¥ 0001 42d 210w ¢ (Fov) € 0001 Jod 1omay | ('eb) € 0001 Jod 210w (0'8l)+ 0001 Jod alow 0| Tp/Bw 081 <
(1ama}
617 01 JloMma) (S10W 07 01 Jomay (210w (SI0W 6| 01 ISM3) (S10W ¢ 01 Jomay
6/) 0001 4od ) 0001 Jod 81 0} 1aM3} 8Y) 0%) 0001 Jod 6/) 0001 4od
(1'ze) L 19M3) 69 (069) T Jome} ¢ | (1'02) L 0001 42d Jomay G| (€84) L Joma} | | 1oM491 Tp/Bw 081111
(d10W
€/7 0} oM} (2I0W /7 01 Joma) (210W (210W (2I0W 0/ 0} JoMma}
06) 0001 Jod 8) 0001 Jod 651 01 1am3y} £71) 861 01 Jam3) 88) €/) 0001 4od
@l10¢ 1oMme) 1 (#/8) L Ioma) G¢ (€65) T 0001 412d Joma) | (6'80) ¥ 0001 42d 210w O MY G Tp/BUW Fi1-0L L
€v) v S|gewnss oN (rey) € o|gqewnss oN (cre) v o|gqewnss oN (Lev) T 9|qeunss oN 9|qewiss ON p/Bwol L >
Tp/BW oL L >sA
(1D ((Es) (1D (11D (1D
%S6) DIUIBYIP 0656) 9dUBIYIP 9656) 9dUBIRYIP %S6) DIUIYIP 9656) 9dUBIBYIP
(v4dNS) yuey |Injosqy  (vdDNS)quey aInjosqy  (VdDNS) quey |Injosqy  (VdDNS) dquey |njosqy |njosqy
ejwadA|bodAH uondaju| Ay1jeriow wal-Huo Ayjeriow Aep-o¢g 10 -8¢ Ayjeyiow jeydsoH

|9A9] 2500N|6 POO|g 03 BulpIodde Bupjuel pue 9DUIBHIP INOSAY L d|qeL



Page 3 of 5

(2024) 12:14

Tanaka et al. Journal of Intensive Care

Bupyuel SAIIRINWIND 3Y3 JSPUN D3BJNS 4INS ‘|_AIDIUL 3|qIPSId 1D

(210W $9| 01 1M} £9) 000 | J2d 210w 0

p/Bwi 081 <
P/BW 08—t L SA

(v4dNS) quey

(11D %S6) 22UBIDYIP 3IN[OSY

Kanfui A3upny 9Indy

(Panunuod) 1 3jqey



Tanaka et al. Journal of Intensive Care (2024) 12:14

Statistical Computing, Vienna, Austria) software and the
rjags and gemtc packages.

Results

The data of 27,541 patients from 37 studies were included
in this network meta-analysis (Additional files 2 and 3).
The risk of bias for eligible studies is shown in Additional
file 4 and network plots correlating target blood glucose
levels with study outcomes are described in Additional
file 5. The target blood glucose level of 144—180 mg/dL
had the highest surface under the cumulative ranking
curve (SUCRA) for hospital mortality (68.6), long-term
mortality (70.1), 28- or 30-day mortality (78.3), and hypo-
glycemia (82.1) (Table 1, Additional file 6), while a target
blood glucose level of 110-144 mg/dL had the highest
SUCRA for infection (87.4) and AKI (89.8) (Table 1,
Additional file 6). The absolute differences of infection
and AKI between a target blood glucose level of 144—180
and 110-144 mg/dL were 29 more per 1000 (95% cred-
ible interval [CrI]: 58 fewer—131 more) and 118 more per
1000 (95% CrI: 82 fewer—473 more), respectively. On the
other hand, the hypoglycemia of a target blood glucose
level of 144—180 mg/dL was 65 fewer per 1000 (95% Crl:
81 fewer—9 more) than that of a target blood glucose level
of 110-144 mg/dL.

Discussion
Mortality rates were not significantly different between
the four target blood glucose levels, while the risk of
infection increased when the target blood glucose level
was > 180 mg/dL. The risk of hypoglycemia did not differ
significantly when a target blood glucose level of 144—180
or>180 mg/dL was used. The risk of hypoglycemia was
fivefold higher with target blood glucose levels of <110 or
110-144 mg/dL compared to a target blood glucose level
of 144-180 mg/dL. Therefore, a target blood glucose
level of 144-180 mg/dL may be the better harm—benefit
balance, especially in terms of avoiding hypoglycemia.
The largest study included in this meta-analysis
(n=9230 patients) [2] compared IIT (target range:
80-110 mg/dL) with liberal glycemic control (180-
215 mg/dL) without parenteral nutrition within 7 days,
reflecting the current guidelines for clinical nutrition [5].
Despite the use of a high-performance computer algo-
rithm to reduce the incidence of hypoglycemia, IIT did
not demonstrate advantages in terms of mortality com-
pared to the liberal glycemic control group. Only four
RCT used a computer-guided glucose control device (we
marked asterisk in Additional file 3). Therefore, we could
not conduct subgroup analysis. However, the incidence
of hypoglycemia in the 80-110 mg/dL group in this RCT
was 1%, which was lower than that in the two previous
RCTs (11%) [1, 6] conducted at the same center and in
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the NICE-SUGAR study (7%) [7]. This result indicated
that the balance of benefits and harms between groups
might change when a computer-guided glucose control
device is used.

In addition, this RCT showed significantly better
results in the incidence of AKI and liver dysfunction in
the 80-110 mg/dL group. Although we could not per-
form a network meta-analysis because liver dysfunction
was reported in five RCTs, our meta-analysis also showed
that the risk of AKI using a target blood glucose level of
110-144 mg/dL may be lower than that of a target blood
glucose level of 144-180 mg/dL. These data provide a
new hypothesis that a target blood glucose level of 110—
144 mg/dL without hypoglycemia is optimal in terms of
less organ damage.

Observational studies have reported that critically ill
patients with diabetes, which affects glucose metabo-
lism, have different thresholds for the harmful effects of
hyperglycemia than those without diabetes [8, 9]. In our
meta-analysis, there were two RCTs conducted in only
diabetic patients, and five RCTs reported sub-analyses
focused on the diabetic patients. Of these, a pairwise
meta-analysis about hospital or 90-day mortality was
able to be performed using three RCTs (Additional file 7).
This result revealed that at least glycemic control aiming
80-110 mg/dL might not be suitable to diabetes patients.
Therefore, data regarding glycemic control in patients
with diabetes who are administered acute nutritional
therapy are needed.

Conclusions

Further evidence is needed to determine whether 110-
144 or 144-180 mg/dL is superior as an optimal glu-
cose target range. The harm-benefit balance will vary
depending on which outcome is prioritized, particularly
if the incidence of hypoglycemia is low using a computer-
guided glucose control device.
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