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Abstract

Background A raised stress hyperglycaemia ratio (SHR) has been associated with all-cause mortality and may better
discriminate than an absolute glucose value. The aim of this meta analysis and systematic review is to synthesise the
evidence assessing the relationship between the SHR and all-cause mortality across three common cardiovascular
presentations.

Methods We undertook a comprehensive search of Medline, Embase, Cochrane CENTRAL and Web of Science
from the date of inception to 1st March 2024, and selected articles meeting the following criteria: studies of patients
hospitalised for acute myocardial infarction, ischaemic stroke or acute heart failure reporting the risk (odds ratio or
hazard ratio) for all-cause mortality associated with the SHR. A random effects model was used for primary analysis.
Subgroup analysis by diabetes status and of mortality in the short and long term was undertaken. Risk of bias
assessment was performed using the Newcastle Ottawa quality assessment scale.

Results A total of 32 studies were included: 26 studies provided 31 estimates for the meta-analysis. The total study
population in the meta analysis was 80,010. Six further studies were included in the systematic review. Participants
admitted to hospital with cardiovascular disease and an SHR in the highest category had a significantly higher risk
ratio of all-cause mortality in both the short and longer term compared with those with a lower SHR (RR=1.67 [95%
Cl 1.46-1.91], p<0.001). This finding was driven by studies in the myocardial infarction (RR=1.75 [95% Cl 1.52-2.01]),
and ischaemic stroke cohorts (RR=1.78 [95% Cl 1.26-2.50]). The relationship was present amongst those with and
without diabetes (diabetes: RR 1.49 [95% Cl 1.14-1.94], p < 0.001, no diabetes: RR 1.85 [95% Cl 1.49-2.30], p <0.001)
with p=0.21 for subgroup differences, and amongst studies that reported mortality as a single outcome (RR of 1.51
(195% Cl 1.29-1.77]; p<0.001) and those that reported mortality as part of a composite outcome (RR 2.02 [95% Cl
1.58-2.59]; p<0.001). On subgroup analysis by length of follow up, higher SHR values were associated with increased
risk of mortality at 90 day, 1 year and > Tyear follow up, with risk ratios of 1.84 ([95% Cl 1.32-2.56], p <0.001), 1.69 ([95%
Cl1.32-2.16], p<0.001) and 1.58 ([95% Cl 1.34-1.86], p < 0.001) respectively.
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Conclusions A raised SHR is associated with an increased risk of all-cause mortality following myocardial infarction
and ischaemic stroke. Further work is required to define reference values for the SHR, and to investigate the potential
effects of relative hypoglycaemia. Interventional trials targeting to the SHR rather than the absolute glucose value

should be undertaken.

PROSPERO database registration CRD 42023456421 https://www.crd.york.ac.uk/prospero/display_record.php?ID=

CRD42023456421
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Introduction

Hyperglycaemia, alongside other factors, is associ-
ated with worse short-term and long-term outcomes in
patients admitted with acute myocardial infarction (AMI)
[1] and acute ischaemic stroke (AIS) [2]. Contributors
include the stress hyperglycaemia phenomenon, treat-
ment (including the omission of diabetes related medica-
tions because of vomiting or peri-intervention, and use
of supplemental feeding), and the presence of both diag-
nosed and undiagnosed diabetes. In acute heart failure
(HF), hyperglycaemia has also been associated with mor-
tality [3, 4]. Current guidelines for inpatient intervention
for glucose are based on an absolute glucose value [5-7],
but in AMI, HF, and AIS, the evidence to support these
guidelines is lacking, and using an absolute value neglects
the potential importance of the magnitude in change of
glucose from baseline at presentation, and the direction
of this change. The stress hyperglycaemia ratio (SHR),
first described in 2015 [8], provides a measure of an indi-
vidual’s acute hyperglycaemia, relative to their HbAlc. It
is calculated by dividing the admission venous glucose by
an estimated mean glucose taken from the HbAlc. An
increasing body of evidence suggests that a raised SHR is
associated with mortality, and may be a better discrimi-
nator than an individual’s absolute glucose value across a
variety of medical conditions [9-11].

The aim of this meta analysis and systematic review
is to synthesise the evidence assessing the association
between the SHR and risk of all-cause mortality across
the spectrum of three common cardiovascular presenta-
tions: AMI, AIS, and HE.

Research design and methods

Search strategy and study selection

The meta-analysis and systematic review were performed
in accordance with the Cochrane Handbook for system-
atic reviews and PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) 2020 guideline.
The protocol was registered on the PROSPERO data-
base (PROSPERO 2023 CRD42023456421). The follow-
ing databases were searched from the data of inception
to 1st March 2024: Medline, Embase, Cochrane CEN-
TRAL and Web of Science. Search terms are detailed in
the supplementary material and were related to the index

pathologies AMI, AIS, and HF, to the SHR, and relative
hyperglycaemia, and mortality. Longitudinal studies (case
control studies, cohort studies and randomised control
trials) that reported risk ratios or odds ratios of all-cause
mortality in relation to the SHR measured following
admission to hospital for AMI, AIS or HF in humans>18
years were included. Only studies measuring the SHR
using an admission glucose level (or within first 24 hours)
were included and those that used a fasting glucose
were excluded (in keeping with the original definition
of the SHR). Studies that evaluated the risk of all-cause
mortality in relation to a composite of acute cardiovas-
cular events that included AMI or AIS or HF, but were
not exclusive to these conditions were included. Case
reports, reviews, notes, meta-analyses, editorials, letter
to the editor, commentaries, conference abstracts, and
non-English studies were excluded. Studies which ana-
lysed data from participants with haemorrhagic stroke
were excluded.

The effect of the SHR measurement on all-cause mor-
tality was explored as a categorical variable. A high SHR
was represented by the highest SHR category in each
study, ranging from top half to top seventh SHR group-
ing across all studies. Studies that investigated the SHR
as a continuous variable were included in the systematic
review. Studies which analysed risk of mortality following
haemorrhagic stroke were excluded.

Data analysis

Two reviewers (Harriet Esdaile, HE and Shaila Khan, SK)
screened title and abstracts independently. The same
authors then undertook full-text evaluation. Where
appropriate, the decision to include or exclude a record
at any stage of screening was discussed with a third
reviewer, who was the ultimate adjudicator. The online
Covidence tool was used for the first phase screening.
For each study the following data were extracted using
a structured data extraction document: authors, year,
source of data, pathology, recruitment dates, inclusion
and exclusion criteria, follow up assessment and primary
outcome ascertainment, timing of follow up, SHR cal-
culation details, SHR categories, age, and sex of partici-
pants, number of participants with diabetes, risk ratio(s)
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for all-cause mortality, and co-variates used for the lat-
ter’s adjustment (Supplement Tables 3 and 4).

The Newcastle Ottawa Scale (NOS) for cohort studies
was used to assess the quality of studies. Three domains
(selection, comparability, exposure) were evaluated
to provide a score ranging between 0 and 9. A score of
>7 was deemed to indicate high quality, 4—6 moderate
quality and <3 poor quality. Two authors independently
assessed the studies, and any disagreement between the
authors was resolved with involvement of a third author.

Analyses were performed using STATA software (BE
17). Adjusted hazard or odds ratios for all-cause mortality
for the highest SHR category for each study were pooled
using the DerSimonian-Laird random effects model. A
two-tailed p value less than 0.05 was considered statisti-
cally significant. Where studies reported subgroup risk
ratios for participants with and without diabetes, with
no overall estimate, the groups were included as separate
estimates in the overall analysis. Similarly where an over-
all risk ratio was provided and a diabetes specific one,
the overall risk ratio was used for the primary analysis.
Studies that reported all-cause mortality as part of com-
posite outcome were included. Standard errors were cal-
culated using Cochrane meta analysis methodology. The
I? value was used to explore percentage of total variability
that was due to between study heterogeneity and tested
with Cochran’s Q test. I> was assessed as: 0—25% (unim-
portant); 26-50% (moderate heterogeneity); 51-75%

. . . o .
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Fig. 1 PRISMA diagram
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heterogeneity). Publication bias was evaluated using a
funnel plot, Egger’s test, and the trim and fill method.

Pre-specified subgroup analysis of participants with
and without diabetes, and further analyses stratified by
length of study follow up, and by reporting of all-cause
mortality as a single outcome or as part of a composite
outcome were conducted. Sensitivity analysis restricted
to studies graded as of high quality was undertaken.
Meta-regression using a random effects model with
weighted age as a continuous co-variate (age weighted to
age and proportion of participants in each SHR category
per study) was performed.

Data and resource availability

The datasets generated during and/or analysed in the
current study are available from the corresponding
author upon reasonable request.

Results

In total 3,244 records were identified from database
searches, of which 816 duplicate records were removed.
Seventy-six records were selected for full text evaluation
of which 26 were included in the meta-analysis, and an
additional six records, which investigated SHR as a con-
tinuous variable, were included in the systematic review.
The PRISMA flow diagram is shown in Fig. 1. The break-
down of studies included cohorts with HF (n=6), AIS
(n=6) and AMI (n=20). Sixteen studies assessed mortal-
ity as a single outcome, and 10 studies assessed it as part
of a composite outcome. Characterisation of the SHR
categories used in each study is detailed in Table 1. Four
studies did not provide details of the SHR measurements
used to stratify into categories.

Thirty-one estimates from the 26 studies contributed
to the meta-analysis (Fig. 2). Total participants num-
bered 80,010. Of these, 36,112 had a diagnosis of diabetes
(45.1%) and 49,535 were male (62.6%). Age (measured as
either mean or median) of the total cohorts for the stud-
ies ranged from 62 to 76 years. Table 1 shows the main
characteristics of the included studies. Results of risk of
bias using the NOS for cohort studies tool is found in the
supplementary material (Table 2). Participants experienc-
ing an admission to hospital with cardiovascular disease
and a raised SHR had a significantly higher risk ratio for
all-cause mortality compared to those with a lower SHR
(RR = 1.67 [95% CI 1.46-1.91]; p = < 0.001, I? = 79.4%;
p < 0.001, Fig. 2). Subgroup differences by index pathol-
ogy were not identified (p = 0.46). Primary analysis of
the HF cohort indicated a raised risk ratio, but the con-
fidence interval for the HF cohort was wide and included
the null, reflecting smaller sample sizes (RR 1.34 [95% CI
0.89-2.01]; p = 0.17, I> = 89.2%). The highest heteroge-
neity was found in the HF studies. Following removal of
the HF cohort in a sensitivity analysis the overall I* was



Esdaile et al. Cardiovascular Diabetology (2024) 23:412

reduced to 70.3% with a risk ratio for the AMI and AIS
cohorts of 1.75 [95% CI 1.54-1.99; p < 0.001] (Fig. 1, sup-
plementary material).

Analysis of studies reporting all-cause mortality as a
single outcome identified a raised risk ratio (RR) of 1.51
([95% CI 1.29-1.77]; p < 0.001, I*> = 78.86%; p = < 0.001)
as did those that reported all-cause mortality as part
of a composite outcome (RR 2.02 [95% CI 1.58-2.59];
p < 0.001, I = 77.54%; p < 0.001) with test group differ-
ence p = 0.05 (Fig. 3). On subgroup analysis by length
of follow up, higher SHR values were associated with
increased risk of all-cause mortality at 90 day, 12 months,
> 12 months of follow up, with RRs of 1.84- (95% CI 1.32—
2.56), 1.69 (95% CI 1.32-2.16) and 1.58 (95% CI 1.34—
1.86) respectively (Fig. 4). No between group difference
was identified ( p = 0.70).

Analysis stratifying by diabetes status did not reveal
significant group differences for participants with and
without diabetes (RR = 1.49 [95% CI 1.14—1.94] for diabe-
tes, and RR = 1.85 [95% CI 1.49-2.30] for no diabetes; p
= 0.21 for subgroup differences, Fig. 5). After removal of
the 2 studies graded medium quality in a sensivity analy-
sis, the risk ratio remained elevated at 1.66 [95% CI 1.47—
1.87] (Fig. 2, supplementary material). We did not find
strong evidence of publication bias (Egger’s test p = 0.14).
We used the trim and fill method for publication bias to
evaluate the change in the magnitude of the association
following imputation. Six estimates were imputed pro-
viding an adjusted risk ratio of 1.49 [95% CI (1.29-1.72)].

On meta-regression with weighted age (age weighted to
age and proportion of participants in each SHR category
per study) as a continuous variable, we did not see any
effect modification of the risk ratio (p = 0.8). A random
effects weighted bubble plot is found in the supplemen-
tary material (Fig. 4).

Six papers (n = 5 AMI and n = 1 AIS) analysed the
effect of the SHR on all-cause mortality when treated as
a continuous variable. In the AMI cohort the SHR was
significantly associated with all-cause mortality in all
studies. The relationship was not significant for AIS (OR
2.992 [95% CI 0.372-24.049]).

Discussion

This comprehensive meta-analysis assessed the influence
of SHR on all-cause mortality in 80,010 people present-
ing across the spectrum of three common cardiovascular
pathologies: AMI, AIS and HF. A higher SHR was asso-
ciated with a higher risk ratio of all-cause mortality in
AMI and AIS, with a trend towards a raised risk ratio in
the HF cohort that was not significant. The association
remained significant regardless of diabetes status, across
studies that analysed mortality as a single outcome, or
as part of a composite outcome, and across studies with
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variable length of follow up. Age was not identified as a
mediator for the relationship.

The consistently reported relationship between hyper-
glycaemia and deleterious longer term outcomes following
admission with an ischaemic event is not fully understood,
and it remains unclear if hyperglycaemia is a causal risk
factor. Glucose homeostasis is tightly controlled in humans
and the stress response, whilst thought to be physiological,
remains loosely defined as ‘the relative increase in glucose
due to the inflammatory and neuro-hormonal derange-
ments that occur during a major illness’ [8]. Hyperglycae-
mia at the time of admission with acute illness may have
a plethora of negative effects, promoting oxidative stress
[12], potentiating endothelial dysfunction and impair-
ing vasodilatation [13, 14]. Hyperglycaemia may induce a
pro-coagulant state [15] enhancing platelet reactivity [16]
and driving alterations in plasmin’s fibrinolytic activity
[17]. Following AIS, stimulation of both the tissue factor
pathway and of the production of thrombin-antithrombin
complexes diminish the activity of recombinant tissue
plasminogen activator, used in thrombolysis, in both ani-
mal models and in clinical practice [18, 19]. Hyperglycae-
mia is associated with several aspects of infarct evolution:
reduced perfusion, impaired recanalisation, reperfusion
injury and intracranial haemorrhage [20, 21].

Shear stress-induced platelet activation is enhanced
in acute hyperglycaemia [22] and in combination with
other pro-inflammatory stimuli, could amplify myocar-
dial necrosis at the peri-infarct region following AML
In one study in people experiencing a STEMI with glu-
cose > 10mmol/L who received tight glycaemic control,
both the number and differentiation of endothelial pro-
genitor cells was increased compared to controls, and
this was hypothesised to be responsible for an improve-
ment in the myocardial salvage score (an assessment of
the amount of salvaged myocardium) measured up to
180 days post infarct compared to controls who did not
receive such control [23]. Hyperglycaemia is associated
with the no flow phenomenon following AMI [24, 25],
and is also associated with prolongation of the QT inter-
val [26], making the myocardium susceptible to ventricu-
lar arrythmias.

The relationship identified in this meta-analysis
between a higher SHR and all-cause mortality suggests
that the magnitude of the change of an individual’s glu-
cose from their background glucose at the time of pre-
sentation is of prognostic importance. Furthermore
whilst studies suggest that hyperglycaemia at admission
holds a greater association with mortality for those with-
out diabetes [2, 8, 27], the SHR measurement is associ-
ated with mortality irrespective of diabetes status [8, 28].

The results of several large interventional trials inves-
tigating hyperglycaemia at presentation with AIS and
AMI are mixed [29-33], and are lacking for HF. Choosing
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232, % an absolute glucose value on which to intervene and
s28El, o s monitor may have led to mixed cohort and RCT study
22832 g fc'«_; populations where true stress hyperglycaemia is mixed
- v gcp |B in with suboptimally controlled diabetes. The Stroke
s255% 5T 3 Hyperglycaemia Insulin Network Effect (SHINE) ran-
22c090 - SEES|S . . . .
SeEevg Sogp|E domised trial [29] attempted to circumvent this challenge
g :gg %g %z gé :@g i by using differing cut off glucose values for recruit-
§ f‘; E £ %’ 2 g é =K ment: > 6.1mmol/L for those with known diabetes, and
e > 8.3mmol/L for those without diabetes. The Diabetes
- £2 8t Mellitus Insulin-Glucose Infusion in Acute Myocardial
BE ;f‘ g5 Infarction (DIGAMI)1 trial, the only trial to show a mor-
E, .g g ?é g § J—é tality benefit related to glycaemic control post AMI, how-
gg ever recruited people with or without known diabetes
§ ] £ and glucose > 11mmol/L peri-AMI, and the subsequent
e < © =3 DIGAMI 2 trial enrolled participants with known diabe-
= ~ © ﬁ‘;j § tes, or glucose > 11mmol/L.
g _S § If an admission glucose is higher than the estimated
§°\° o . £5 mean glucose, the SHR is > 1.0 suggesting a relative
o £5 hyperglycaemia, and conversely is < 1.0 when the admis-
g 85 sion glucose is lower than the estimated mean glucose,
£ § T% suggesting a relative hypoglycaemia. However it is note-
3 1 2 T3 worthy that no universal definition for a high, low or, ref-
2 = = 23 erence range for the SHR exists. The SHR cut off values
% % of each study in this analysis were unique and referenced
§- ‘gg to their own population, either by a receiver operating
2 N N §§ characteristic (ROC) analysis, or by pre-specified divi-
- - - :Eé é sion of the population into equal categories using SHR
€ £8 measurement, with the threshold value for the high SHR
E i corresponding to the cut off for the highest category, and
£ = g a lower, or lowest category being chosen as a reference
2 & g for comparison. SHR threshold values varied for both the
g e e T2 high and low categories across studies: 22 studies had a
§ % threshold value for a high SHR category > 1, and approxi-
3 g '; mately half had a low or reference range with SHR values
S a a g e exclusively < 1. One interpretation of our results there-
§ é é £ g fore is that a raised SHR is deleterious, and may be more
z S S 5 g damaging than a relative hypoglycaemia.
§ ; Hypoglycaemia is detrimental in the context of hospitali-
gt sation for cardiovascular disease [34—36] and in the critical
g gg care setting [37]. Whilst the concept of relative hypogly-
£ = = FE caemia has been identified [38], it has not been adopted
* 7 7 ig ?:3 clinically, and little is known about its potential effects
g 9:’; 2 on m.ortality in ca?diovascular dise?se. Graded I}ypogly-
5 3 E s caemic clamp studies [39, 40] have identified an increase
é g 2 EE in the glycaemic threshold for autonomic symptoms in
e ~ = ;é people with type 2 diabetes that are modified by changes
o o €3 in background diabetes control, and work from the criti-
5 § ‘g ‘;2 % E cal care setting has identified that a relative hypoglycemia
TRk} g5 85 g2 of > 30% of expected glucose derived from HbAlc is asso-
% a =9 €9 ;’E ciated with mortality [41, 42], regardless of the absolute
S5 g g 3£ hypoglycaemia burden defined as glucose < 3.9mmol/L. Of
- - - % g the two HF studies in this analysis reporting a protective
5.5 g g § £ effect of a raised SHR, one did not report their SHR cat-
S |3 38 S 22 egory thresholds and the other used a threshold of > 1.16



Esdaile et al. Cardiovascular Diabetology (2024) 23:412 Page 10 of 16

Risk ratio Weight

Study with 95% ClI (%)
Heart failure i

Carrera 2021 . i 0.79[0.64, 0.98] 4.16
Cunha 2023 —a— | | 0.43[0.22, 0.83] 2.24
Cunha 2023 —{— 0.98[0.55, 1.73] 2.55
Mohammed 2024 — = 2.34[1.49, 3.67] 3.07
Zhou 2023 —— 2.76[1.63, 4.68] 2.73
Li 2024 * 1.64[1.36, 1.97] 4.28
Zhou 2022 —— 1.89[1.25, 2.85] 3.26
Heterogeneity: t° = 0.26, I° = 89.21%, H* = 9.27 ‘ 1.34[0.89, 2.01]

|
1

Test of 6, = 6 Q(6) = 55.60, p = 0.00 |
Testof8=0:z=1.38,p=0.17 |
|

I

1

|

1

Ischaemic stroke

Chen 2022 —— 2.44[0.65, 9.18] 0.85
Peng 2023 —a 1.13[0.61, 2.08] 2.39
Wang 2019 — 2.81[1.07, 7.39] 1.38
Peng 2024 4= 1.73[0.80, 3.74] 1.86
Roberts 2021 — 224[1.19, 4.22] 2.31
Heterogeneity: t° = 0.00, I* = 0.00%, H® = 1.00 ‘ 1.78[1.26, 2.50]

Test of 6, =6;: Q(4) =3.71,p = 0.45
Testof 6 =0:z=3.28, p=0.00

Myocardial infarction

]
#
Kojima 2020 - 1.00[0.68, 1.48] 3.37
|
i3

Cui 2022 1.73[1.39, 2.15] 4.16
Cui 2022 1.63[1.30, 2.03] 4.15
Kojima 2020 145[1.06, 1.98] 3.73
Sia 2021 220[1.73, 2.79] 4.07
Sia 2021 . 1.25[0.90, 1.74] 3.64
Xu 2022 » 151[1.22, 1.86] 4.18
Xu 2022 | m——704[272, 23.15] 1.19
Zeng 2023 ‘ 1.80[1.29, 251] 364

Xie 2023 Tl— 2.19[1.64, 2.93] 3.84
Liu 2023 . 3 1.63[1.27, 2.09] 4.02
Liu 2023 i 1.32[1.05, 1.66] 4.11
Abdu 2023 -~ 2.46[1.46, 4.16] 2.75
Gao 2023 —i— 1.93[1.39, 2.68] 3.65
Marenzi 2018 [ 3.91[2.83, 5.41] 367
Lin 2023 - 1.68[1.18, 2.40] 352
Gao 2019 - 251[1.66, 3.79] 3.25
Yang 2022 = 1.49[1.15, 1.94] 3.97
Yang 2017 » 1.18[0.92, 1.52] 4.01
Heterogeneity: t° = 0.07, I° = 75.41%, H? = 4.07 " 1.75[1.52, 2.01]
Test of 6, = 6: Q(18) = 73.19, p = 0.00 !
Testof 6 =0:z=7.93,p=0.00 |

|

1

¢

|

1

|

I

1

|

|

s

Overall

Heterogeneity: t° = 0.10, I* = 79.41%, H* = 4.86
Test of 6, = 6;: Q(30) = 145.71, p = 0.00

Testof 6 =0:z=7.39, p=0.00

1.67[1.46, 1.91]

Test of group differences: Q,(2) = 1.53, p = 0.46

0.25 1 4 16
Random-effects DerSimonian?Laird model

Fig. 2 Forest plot of the prognostic impact of the SHR (higher vs. lower) and risk of all-cause mortality across pathologies
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Risk ratio Weight

Study with 95% CI (%)
Mortality reported as a single outcome :

Carrera 2021 E : 0.79[0.64, 0.98] 4.16
Cunha 2023 —m— | 043[0.22, 0.83] 2.24
Cunha 2023 —— 0.98[0.55, 1.73] 2.55
Zhou 2023 e—.— 2.76[1.63, 4.68] 2.73
Li 2024 - 1.64[1.36, 1.97] 4.28
Chen 2022 ——:—l— 2.44[0.65 9.18] 0.85
Peng 2023 —— 1.13[0.61, 2.08] 2.39
Wang 2019 I 2.81[1.07, 7.39] 1.38
Peng 2024 4+ 1.73[0.80, 3.74] 1.86
Cui 2022 » 1.73[1.39, 2.15] 4.16
Cui 2022 -I> 1.63[1.30, 2.03] 4.15
Kojima 2020 —.—: 1.00[0.68, 1.48] 3.37
Kojima 2020 —.— 1.45[1.06, 1.98] 3.73
Sia 2021 E 3 220[1.73, 2.79] 4.07
Sia 2021 1w 1.25[0.90, 1.74] 3.64
Xu 2022 » 151[1.22, 1.86] 4.18
Xu 2022 : —®—794[272, 23.15] 1.19
Zeng 2023 I 1.80[1.29, 2.51] 3.64

-

Xie 2023 - 219[1.64, 2.93] 3.84
Liu 2023 . 3 1.63[1.27, 2.09] 4.02
Liu 2023 i 1.32[1.05, 1.66] 4.1
Heterogeneity: ©° = 0.09, I = 78.86%, H’ = 4.73 ‘ 151[1.29, 1.77]
Test of 6, = 6;: Q(20) = 94.59, p = 0.00 |
Testof 8 =0:z=15.09, p=0.00 E
]

:

HE

-~

i

Mortality reported as part of a composite outcome
Mohammed 2024 2.34[1.49, 3.67] 3.07
Abdu 2023 246[1.46, 4.16] 2.75
Gao 2023 1.93[1.39, 2.68] 3.65

Marenzi 2018 v il 3.91[2.83, 541] 367

Lin 2023 1.68[1.18, 2.40] 3.52
Gao 2019 251[1.66, 3.79] 3.25
Yang 2022 1.49[1.15, 1.94] 3.97
Yang 2017 1.18[0.92, 1.52] 4.01

Zhou 2022 1.89[1.25, 2.85] 3.26
Heterogeneity: ©° = 0.12, I = 77.54%, H® = 4.45 2.02[1.58, 2.59]

Test of 8; = 6;: Q(9) = 40.07, p = 0.00
Testof 8 =0:z=15.62, p=0.00

Overall

Heterogeneity: ©° = 0.10, I° = 79.41%, H® = 4.86
Test of 6, = 6: Q(30) = 145.71, p = 0.00

Testof 6 =0:z=7.39, p =0.00

-
]
——
|
]

-
1

Roberts 2021 — 224[119, 4.22] 231

>
I
1
I
1
:
’ 167[1.46, 1.91]
1
]
1
I
I
]
1
]
1

Test of group differences: Q,(1) = 3.79, p = 0.05

Random-effects DerSimonian?Laird model

Fig. 3 Forest plot showing subgroup analysis based on mortality measured as a single outcome or as part of a composite outcome
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Risk ratio Weight

Study with 95% ClI (%)
90 day w
Cunha 2023 ——| 0.43[0.22, 0.83] 2.24
Cunha 2023 : 0.98[0.55, 1.73] 2.55
Chen 2022 1 2.44[0.65, 9.18] 0.85
Peng 2023 : 1.13[0.61, 2.08] 2.39
Wang 2019 ‘ 2.81[1.07, 7.39] 1.38
Xu 2022 * 1.51[1.22, 1.86] 4.18
Xu 2022 | ——m——7.94[272, 23.15] 1.19
Marenzi 2018 = 3.91[2.83, 541] 3.67
Lin 2023 - 1.68[1.18, 2.40] 3.52
Gao 2019 . 251[1.66, 3.79] 3.25
Roberts 2021 ﬂ— 224[1.19, 4.22] 231
Zhou 2022 —- 1.89[1.25, 2.85] 3.26
Heterogeneity: t° = 0.25, I? = 82.04%, H? = 5.57 ‘ 1.84[1.32, 2.56]
Test of 6 = 0: Q(11) = 61.24, p = 0.00 |
Testof 8 = 0: z = 3.59, p = 0.00 |

|
12 month :
Li 2024 - 1.64[1.36, 1.97] 4.28
Peng 2024 —a— 1.73[0.80, 3.74] 1.86
Sia 2021 ! 220[1.73, 2.79] 4.07
Sia 2021 4= 1.25[0.90, 1.74] 3.64
Heterogeneity: t° = 0.04, I* = 61.88%, H* = 2.62 ’ 1.69[1.32, 2.16]
Test of 6, = 6: Q(3) = 7.87, p = 0.05 |
Testof 6=0:z=4.17,p=0.00 3

|
> 12 month 3
Carrera 2021 t 0.79[0.64, 0.98] 4.16
Mohammed 2024 e 2.34[1.49, 367] 3.07
Zhou 2023 —m— 2.76[1.63, 4.68] 2.73
Cui 2022 » 1.73[1.39, 2.15] 4.16
Cui 2022 l 1.63[1.30, 2.03] 4.15
Kojima 2020 - 1.00[0.68, 1.48] 3.37
Kojima 2020 B 1.45[1.06, 1.98] 3.73
Zeng 2023 - 1.80[1.29, 251] 3.64
Xie 2023 e 2.19[1.64, 2.93] 3.84
Liu 2023 ﬂ‘- 1.63[1.27, 2.09] 4.02
Liu 2023 i I 1.32[1.05, 1.66] 4.11
Abdu 2023 —— 2.46[1.46, 4.16] 275
Gao 2023 - 1.93[1.39, 2.68] 3.65
Yang 2022 = 1.49[1.15, 1.94] 3.97
Yang 2017 » 1.18[0.92, 1.52] 4.01
Heterogeneity: t° = 0.08, I* = 79.05%, H* = 4.77 ‘ 1.58[1.34, 1.86]
Test of 6, = 6: Q(14) = 66.82, p = 0.00 !
Testof 6 =0:z=5.41, p=0.00 |

|
Overall ¢ 167[1.46, 1.91]
Heterogeneity: t° = 0.10, I* = 79.41%, H* = 4.86 i
Test of 6, = 6;: Q(30) = 145.71, p = 0.00 :
Testof 6 =0:z=7.39, p=0.00 |
Test of group differences: Q,(2) = 0.72, p = 0.70 3

0.25 1 4 16

Random-effects DerSimonian?Laird model

Fig. 4 Forest plot showing subgroup analysis based on length of follow up
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Risk ratio Weight
Study with 95% CI (%)

‘
4—1
|

098

1
————263

163
145
234
203
174
1.86
393
291
117
1.85

No diabetes

Cunha 2023

Wang 2019

Cui 2022

Kojima 2020

Xie 2023

Liu 2023

Liu 2023

Gao 2023

Marenzi 2018

Gao 2019

Yang 2017

Heterogeneity: ¥ = 0.08, I” = 67.67%, H =3.09
Testof 6, =6:0Q(10) =30.93, p=0.00
Testof 8=0:2=5.60, p=0.00

055, 1.73] 181
0588, 7.86] 0.82
130, 203] 292
106, 1.98] 264
134, 408] 186
143, 289] 251
126, 241] 260
126, 274] 239
267,579 238
153, 554] 162
078, 1.75] 233
1.49, 2.30]

[
[
[
[
[
[
[
[
[
[
[
[

R

Diabetes

Cunha 2023 —a— 043[0.22, 0.83] 1.60
|
Cui 2022 l 1.73[1.39, 2.15] 293
Kojima 2020 ! 1.00[0.68, 1.48] 238
Xie 2023 - 208[147, 294] 252
Liu 2023 i = 132[092, 1.89] 249
I
Liu 2023 —- ! 099[0.72, 1.36] 262
Gao 2023 bl 213[1.11,409] 159
Marenzi 2018 —— 320[172 595 168
Gao 2019 —— 201[1.17, 3.46] 189
Zhou 2022 = 1.89[1.25, 285] 231
. ; ; h
Heterogeneity: © = 0.13, I = 77.26%, H’ = 4.40 &> 1.49[1.14, 1.94]
Testof 6,=6,:Q(9) = 39.58, p=0.00 1
Testof 6=0:2=290,p=0.00 i
i
Overall 3 1.67[1.41, 1.98]
Heterogeneity: ¥ = 0.10, I’ = 73.27%, H’ = 3.74 i
i
Testof 6 = 6;: Q(20) = 74.83, p = 0.00 !
Testof 8=0:z =593, p=0.00 !
i
Test of group differences: Qu(1) = 1.58, p =0.21 !
'l_l_g_l_l_
025 05 2 4

Random-effects DerSimonian?Laird model

Fig. 5 Forest plot showing subgroup analysis based on diabetes status

for a high SHR and a low SHR category cut of < 0.88 [43].
They reported a significantly raised HR of all-cause mor-
tality for only those in the low SHR category and diabe-
tes (HR 2.34 [95% CI 1.25-4.38] for those with diabetes
and HR 1.02 [95% CI 0.58-1.81] for those without diabe-
tes). Whether a relative hypoglycaemia is associated with
mortality, at what threshold, and the potential mediation
of any relationship by presence of diabetes, needs further
investigation.

The pooled estimate from the studies that analysed
participants admitted with decompensated heart failure
did not show a significant association with all-cause mor-
tality. This may have been due to the significant hetero-
geneity seen across studies assessing these conditions (I*
of 89.21%). One contributing factor to this heterogeneity
may have been differences in case ascertainment, with
differing definitions for acute HF used across studies.
Alternatively, experiencing an episode of decompensated
cardiac failure may provoke a different stress response
from an AMI and AIS, and this may be dependent on
the severity of circulatory compromise, and background
function of the myocardium. We were not able to assess
these parameters.

In those with acute heart failure multi-morbidity is
highly prevalent [44, 45]. The contribution of pre-existing
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co-morbidities in potentially mediating the stress
response, and potentially the SHR measurement, as well
as outcomes, must be acknowledged. All-cause mortal-
ity captured in the longer term will be increasingly asso-
ciated with any polymorbidity. Baseline adjustment for
concurrent co-morbidities across the heart failure studies
was variable. For those experiencing an ischaemic stroke
there is an independent effect on outcome related to pre-
existing morbidity [46]. Notably, the two HF studies that
showed a protective effect of a raised SHR were from two
Iberian cohorts (one Portuguese and one Spanish), and the
four that showed increased risk of mortality with increased
SHR were derived from three Chinese and one American
cohort. Ethnic, and population differences, may drive risk
of mortality.

There was significant heterogeneity identified in our
meta-analysis and therefore our conclusions should be
interpreted with caution. Unexplained heterogeneity
in our analysis may originate from the variable SHR cut
offs across the studies, variable definitions of the index
pathology, underlying differences in the populations
studied, and differing study level adjustment for other
variables when assessing the relationship between the
SHR and all-cause mortality. An individual participant
data meta-analysis may address some of this heterogene-
ity. Future research should aim to establish standardised
thresholds for the SHR, to facilitate potential clinical
application as a prognostic marker and could investigate
whether SHR may be a therapeutic target. Studies that
utilised ROC to identify an SHR threshold provide extra
insight, but further analysis of such studies is only pos-
sible with individual participant level data.

We used observational data, and causality cannot be
established. Lack of randomisation or matching may result
in confounding and for retrospective studies, and there
may be bias in which participants had an HbA1c available
when sampling. Additionally, whilst all studies included
used a glucose value taken at admission, or within 24 hours
of admission, the method used to calculate estimated aver-
age glucose for the denominator in the ratio differed across
studies and may have inadvertently affected the accuracy
of the measurement. This study did not undertake analy-
sis by detailed subtype of pathology such as NSTEMI and
STEMI as studies tended to group these together. Addi-
tionally we did not undertake analysis by presence or
absence of obstruction of coronary arteries (myocardial
infarction with nonobstructive coronary arteries - MIN-
OCA). MINOCA has a reported prevalence of 3.5-15%
in myocardial infarction [47]. Treatment modality was not
included in adjustment for risk ratios across all studies.
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Conclusion

Our findings suggest that an elevated SHR is associated
with risk of all-cause mortality in people admitted to hos-
pital with an acute myocardial infarction or acute isch-
aemic stroke. Whilst a similar trend was seen for people
admitted with heart failure, this was not significant.
Future work is required to characterise further the SHR
measurement, to investigate the impact of relative hypo-
glycaemia, to evaluate any potential for the inclusion of
the SHR measurement in cardiovascular risk stratifica-
tion, and to investigate the SHR as a therapeutic target.
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