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Abstract: Acute hyperglycemia has been associated with worse prognosis in patients hospitalized
for heart failure (HF). Nevertheless, studies evaluating the impact of glycemic control on long-term
prognosis have shown conflicting results. Our aim was to assess the relationship between acute-
to-chronic (A/C) glycemic ratio and 4-year mortality in a cohort of subjects hospitalized for acute
HF. A total of 1062 subjects were consecutively included. We measured glycaemia at admission and
estimated average chronic glucose levels and the A/C glycemic ratio were calculated. Subjects were
stratified into groups according to the A/C glycemic ratio tertiles. The primary endpoint was 4-year
mortality. Subjects with diabetes had higher risk for mortality compared to those without (HR 1.35
[95% CI: 1.10–1.65]; p = 0.004). A U-shape curve association was found between glucose at admission
and mortality, with a HR of 1.60 [95% CI: 1.22–2.11]; p = 0.001, and a HR of 1.29 [95% CI: 0.97–1.70];
p = 0.078 for the first and the third tertile, respectively, in subjects with diabetes. Additionally, the A/C
glycemic ratio was negatively associated with mortality (HR 0.76 [95% CI: 0.58–0.99]; p = 0.046 and
HR 0.68 [95% CI: 0.52–0.89]; p = 0.005 for the second and third tertile, respectively). In multivariable
analysis, the A/C glycemic ratio remained an independent predictor. In conclusion, in subjects
hospitalized for acute HF, the A/C glycemic ratio is significantly associated with mortality, improving
the ability to predict mortality compared with glucose levels at admission or average chronic glucose
concentrations, especially in subjects with diabetes.

Keywords: heart failure; diabetes mellitus; chronic complications

1. Introduction

The prevalence of Type 2 diabetes has quadrupled in the past three decades and
is expected to continue increasing. About 1 in 11 adults worldwide now have diabetes
mellitus, 90% of whom have Type 2 diabetes [1]. In Spain, according to the Di@bet.es study,
its prevalence is 13.8% in the adult population (although it is undiagnosed in 6%), and the
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incidence of Type 2 diabetes in the adult population is 11.58 cases per 1000 persons per
year [2,3].

Subjects with Type 2 diabetes have risks of death and cardiovascular events that
are two to four times as great as the risks in the general population [4]. Heart failure
(HF) is one of the major associated cardiovascular complications. The Framingham Study
reported a two-fold increase in frequency of HF in men and a five-fold increase in women,
independent of coronary artery disease and hypertension [5]. In addition, it has been
reported that Type 2 diabetes increases the risk of hospitalization for HF [6]. Also, the
prevalence of Type 2 diabetes seems to be increased in subjects with HF. While 10% to
15% of the general population has diabetes, a recent study suggested that 44% of subjects
hospitalized for HF have Type 2 diabetes [7]. The population with both Type 2 diabetes
and HF is currently between 0.3 and 0.5% of the total and is growing rapidly [8], being
associated with an increased risk of cardiovascular death [7].

In recent years, it has become apparent that new glucose-lowering therapies have
important HF-specific treatment risk and benefits, but those effects are not completely
mediated by the improvement in glycemic control. In that sense, the potential role of
glycemic control is still a matter of debate [9]. Acute hyperglycemia has been recognized
as an independent determinant of adverse short-term prognosis, both in subjects with or
without diabetes hospitalized for HF [9–11]. Nevertheless, studies evaluating the impact
of glycemic control on long-term prognosis have shown conflicting results [12–14]. In
addition, it is unknown whether hypoglycemia translates to outcomes in subjects with
HF. Finally, some authors have suggested that the combination of both acute and chronic
(estimated by HbA1c) glycemic value assessment may be a better prognostic predictor than
glycemic value at admission or diabetes status alone [15].

Thus, given the increasing prevalence of Type 2 diabetes and HF, we need a better un-
derstanding of the independent prognostic impact of glycemic control in survival outcomes
of subjects with HF. With this purpose, the aim of this study was to assess the relationship
between the acute to chronic (A/C) glucose ratio and 4-year mortality in a cohort of subjects
hospitalized for acute HF.

2. Materials and Methods
2.1. Study Subjects

This was a prospective, observational study. All consecutive adult subjects with acute
HF admitted to the Department of Cardiology of Hospital del Mar (Barcelona, Spain)
between 25 January 2005 and 29 December 2012 were enrolled. The study protocol was
approved by our hospital ethics committee (Parc de Salut Mar Clinical Research Ethics
Committee; approval code nº 2004/1788/I; approval date: 28 June 2004) and conducted
in accordance with the Declaration of Helsinki. All subjects gave their written informed
consent before participating in the study.

2.2. Study Protocol

The following information was recorded using a predefined standardized form: sex,
age, diabetes duration, body mass index (BMI), waist, pre-admission NYHA functional
class, systolic and diastolic blood pressure (SBP and DBP, respectively), cigarette smoking,
alcohol intake, the use of any other medical treatment, HbA1c, lipid profile (total choles-
terol, LDL-cholesterol, HDL-cholesterol, and triglycerides), serum creatinine, hemoglobin,
N-terminal pro brain-type natriuretic peptide (NT-proBNP), and albumin. Hyperten-
sion was defined as systolic blood pressure >140 mmHg and/or diastolic blood pressure
>90 mmHg or current treatment with antihypertensive agents [16]. The estimated glomeru-
lar filtration rate (eGFR) was estimated by the four-variable Modification of Diet in Renal
Disease (MDRD) study equation. Conventional transthoracic echocardiography was used
to measure left ventricular ejection fraction (LVEF).

Acute HF was diagnosed according to the current heart failure guidelines of the
European Society of Cardiology (rapid or gradual onset of symptoms and/or signs of HF,
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severe enough for the patient to seek urgent medical attention leading to an unplanned
hospital admission or an emergency department visit) [17]. Natriuretic peptides were also
measured to support the diagnosis of heart failure. We excluded patients with in-hospital
death, cardiogenic shock, or final diagnosis of an acute coronary syndrome.

Previously known diabetes was defined as self-reported physician-diagnosed diabetes,
or use of hypoglycemic medications (insulin or oral agents). In the absence of previously
known diabetes, the diagnosis of undiagnosed diabetes was based on hemoglobin A1c
(HbA1c) level ≥6.5% (≥48 mmol/mol) according to American Diabetes Association crite-
ria [17]. The diagnosis of pre-diabetes was established by HbA1c ≥5.7% and <6.5%. We
were unable to distinguish between Type 1 and Type 2 diabetes, although the vast majority
of our subjects with diabetes were likely to have Type 2 diabetes.

Acute hyperglycemia was defined as a blood glucose at admission >180 mg/dL
(10 mmol/L) [13]. Acute hypoglycemia was defined as blood glucose at admission
<70 mg/dL (3.9 mmol/L). Average chronic glucose levels were estimated by HbA1c and
expressed as percentage value, according to the following validated formula [18]:

Estimated chronic glucose levels (mg/dL) = (28.7 x HbA1c%) − 46.7

The acute/chronic (A/C) glycemic ratio was calculated in all subjects with measure-
ments of blood glucose at admission and the estimated chronic glucose levels [15].

2.3. Outcome Measures

The primary end point of the study was 4-year all-cause mortality. Information on
vital status was obtained by review of hospital and primary care medical records.

2.4. Statistical Analysis

All data were tested for normality using the Shapiro–Wilk test. Data are presented as
percentage mean (SD) for normally distributed quantitative variables or percentage median
(interquartile range) for non-normally distributed quantitative variables. Non-normally
distributed quantitative variables were used after performing a log10 transformation. One-
way analysis of variance (ANOVA), or the Kruskal–Wallis test, was used for comparisons
between groups of normally and non-normally distributed quantitative variables as needed.
Non-normally distributed quantitative variables were used after performing a log10 trans-
formation.The Bonferroni procedure (parametric) and the Dunn’s test (non-parametric)
were used for post-hoc analyses for multiple comparisons. The association between the
primary endpoint and glucose levels at admission, the estimated chronic glucose levels, the
A/C glycemic ratio, and HbA1c tertiles were assessed. Survival univariate analysis was
estimated with the Kaplan–Meier method and differences were tested with a long rank test.
A Cox regression analysis was performed to estimate the 4-year all-cause mortality. Vari-
ables for Cox multivariate regression models were selected based on univariate analyses
and on the basis of their biological plausibility based on previous literature. Two-tailed
p-values < 0.05 were considered statistically significant. The calculations and figures were
made using STATA v.13.1 for Mac (StataCorp LP, College Station, TX, USA) and GraphPad
software (Prism, London, UK).

3. Results
3.1. Baseline Characteristics

In total, 1062 consecutive subjects with acute HF were included in the study (56.7%
male, age: 72.6 ± 11.2 years). Of these, 497 (46.8%) had previously known diabetes, 93 (8.8%)
subjects had unknown diabetes, 194 (18.2%) pre-diabetes, and 278 (26.2%) had normal
glucose metabolism. Regarding diabetes treatment prior to admission in those subjects
with previously known diabetes, 97 (19.5%) received dietary advice only, 200 (40.2%) were
using oral hypoglycemic agents only, 56 (11.3%) were using oral hypoglycemic agents, and
insulin, and 144 (29.0%) were on insulin treatment alone.
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The baseline clinical characteristics of the subjects included in the study are shown in
Table 1. Subjects with diabetes were older and had higher prevalence of arterial hyperten-
sion, dyslipidemia, and peripheral artery disease compared with those without diabetes.
They also had higher weight, BMI, waist circumference, higher levels of systolic blood
pressure, higher concentrations of triglycerides, creatinine, and NT-proBNP, but lower
levels of total-, LDL-, and HDL-cholesterol (in the context of higher percentage of subjects
under lipid-lowering treatments) and hemoglobin. Moreover, subjects with diabetes had a
higher prevalence of chronic kidney disease, heart failure of ischemic etiology, and NYHA
class III–IV. There were no differences between groups for gender distribution, smoking
habit, and percentage of subjects with LVEF ≤ 40 %. The use of angiotensin-converting
enzyme inhibitors was lower in subjects with diabetes, while the use of angiotensin receptor
blockers, aldosterone antagonists, diuretics, and amiodarone was similar in both groups.
Statin, nitrates, and antiplatelet drugs were used more commonly in subjects with diabetes
mellitus. Subjects with diabetes had higher ratios of acute heart failure hospitalization
during the last year.

Table 1. Baseline characteristics of the whole cohort of patients with acute heart failure stratified by
diabetes status.

All
(n = 1062)

Patients without
Diabetes
(n = 278)

Patients with
Pre-Diabetes

(n = 194)

Patients with
Diabetes
(n = 590)

p for Trend

Male sex (n, %) 602 (56.7) 153 (55.0) 112 (57.7) 337 (57.1) 0.803
Age (years) 72.6 ± 11.2 71.2 ± 12.6 72.6 ± 13.2 73.2 ± 9.7 ¤ 0.046
Current smokers (n, %) 157 (14.8) 39 (14.0) 34 (17.5) 84 (14.2) 0.786

BMI (kg/m2) 28.4 ± 5.9 27.2 ± 5.3 28 ± 6.5 29.1 ± 5.8 ¤ ¥ <0.001
Waist (cm) 103.4 ± 14.2 98.9 ± 14.4 101.7 ± 13.8 105.9 ± 14.2 ¤ ¥ <0.001

Hypertension (n, %) 862 (81.2) 191 (68.7) 153 (78.9) 518 (87.8) * ¤ ¥ <0.001
Systolic blood pressure (mmHg) 123.5 ± 22.0 120.1 ± 21.6 120.0 ± 22.2 126.1 ± 21.7 ¤ ¥ <0.001
Diastolic blood pressure (mmHg) 67.2 ± 12.9 67.3 ± 13.2 66.6 ± 12.6 67.3 ± 12.8 0.768

Dyslipidemia (n, %) 593 (55.8) 109 (39.2) 81 (41.8) 403 (68.3) ¤ ¥ <0.001
Statin use (n, %) 633 (59.6) 124 (44.6) 101 (52.1) 408 (69.2) * ¤ ¥ <0.001
Total cholesterol (mmol/L) 3.92 ± 0.99 4.14 ± 1.04 4.08 ± 0.97 3.77 ± 1.03 ¤ ¥ <0.001
LDL-C (mmol/L) 2.22 ± 0.80 2.43 ± 0.81 1.55 ± 0.78 2.08 ± 0.78 ¤ ¥ <0.001
HDL-C (mmol/L) 1.10 ± 0.32 1.13 ± 0.33 1.17 ± 0.28 1.07 ± 0.33 ¥ <0.001
Triglycerides (mmol/L) 1.40 ± 0.66 1.40 ± 0.74 1.30 ± 0.54 1.44 ± 0.66 ¥ 0.049

COPD (n, %) 237 (22.3) 51 (18.3) 44 (22.7) 142 (24.1) 0.152

Previous stroke (n, %) 119 (11.2) 28 (10.1) 18 (9.2) 73 (12.4) 0.379

Peripheral vasculopathy (n, %) 176 (16.6) 33 (11.9) 21 (10.8) 122 (20.7) ¤ ¥ <0.001

Laboratory values

Creatinine (mmol/L) 0.12 ± 0.06 0.12 ± 0.05 0.011 ± 0.05 0.12 ± 0.07 ¥ 0.004

eGFR MDRD < 60 (mL/min/1.73m2) 277 (26.1) 61 (21.9) 35 (18.0) 18 (3.1) ¤ ¥ <0.001

Hemoglobin (g/L) 12.6 ± 2.8 12.7 ± 1.9 12.9 ± 2.1 13.4 ± 3.3 0.047

Albumin (g/dL) 3.78 ± 0.48 3.78 ± 0.45 3.90 ± 0.51 3.76 ± 0.48 * ¥ 0.001

NT-proBNP (pg/mL) 1626 (700–4051) 1412 (639–3425) 1537 (652–3246) 1775 (719–4456) 0.103

LVEF ≤40% (n, %) 485 (45.7) 144 (51.8) 81 (41.8) 260 (44.1) 0.057

NYHA class (n, %) 0.011¤

-Class l 146 (13.7) 38 (13.7) 45 (23.2) 65 (11.0)
-Class II 440 (41.4) 128 (46.0) 70 (36.1) 240 (40.8)
-Class III 388 (36.5) 94 (33.8) 58 (29.9) 236 (40.0)
-Class IV 88 (8.3) 18 (6.5) 21 (10.8) 49 (8.3)

HF etiology (n, %) <0.001

-Ischemic 428 (40.3) 83 (29.9) 60 (30.9) 285 (48.3) ¤ ¥

-Hypertensive 372 (35.0) 94 (33.8) 72 (37.1) 206 (34.9)

-Others 262 (24.7) 101 (36.3) 62 (32.0) 189 (32.0)

Atrial fibrillation (n, %) 354 (33.3) 100 (36.0) 74 (38.1) 180 (30.5) 0.083
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Table 1. Cont.

All
(n = 1062)

Patients without
Diabetes
(n = 278)

Patients with
Pre-Diabetes

(n = 194)

Patients with
Diabetes
(n = 590)

p for Trend

Implantable cardioverter defibrillator
(n, %) 15 (1.4) 8 (2.9) 0 (0) 7 (1.2) 0.011

Last-year acute heart failure
admission (n, %) 858 (80.8) 212 (76.3) 149 (76.8) 497 (84.2) 0.005

Cardiovascular medication

-ACE inhibitors (n, %) 632 (59.5) 182 (65.5) 110 (56.7) 340 (57.6)¤ 0.029

-ARBs (n, %) 172 (16.2) 44 (15.8) 39 (20.1) 89 (15.1) 0.308

-β-Blockers (n, %) 927 (87.3) 251 (90.3) 161 (83.0) 515 (87.3) * ¤ 0.047

-Nitrates (n, %) 327 (30.8) 54 (19.4) 41 (21.1) 233 (39.5) ¤ ¥ <0.001

-Aldosterone antagonists (n, %) 397 (37.4) 115 (41.4) 71 (36.6) 211 (35.8) 0.287

-Diuretics (n, %) 958 (90.2) 247 (88.8) 173 (89.2) 538 (91.2) 0.433

-Antiagregant (n, %) 494 (46.5) 92 (33.1) 73 (37.6) 329 (55.8) ¤ ¥ <0.001

-Amiodarone (n, %) 102 (9.6) 33 (11.9) 18 (9.3) 51 (8.6) ¤ ¥ 0.334

Data are given as percentages, mean ± SD or median (interquartile range). BMI, body mass index; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein; COPD, chronic obstructive pulmonary
disease; eGFR-MDRD, estimated glomerular filtration rate by the four-variable Modification of Diet in Renal
Disease; NT-proBNP, N-terminal pro brain-type natriuretic peptide; LVEF, left ventricular ejection fraction; NYHA
class, The New York Heart Association functional classification; HF, heart failure; ACE inhibitors, angiotensin-
converting enzyme inhibitors; ARBS angiotensin II receptor blockers. * p < 0.05 patients without diabetes vs.
patients with pre-diabetes, ¤ p < 0.05 patients without diabetes vs. patients with diabetes, ¥ p < 0.05 patients with
pre-diabetes vs. patients with diabetes.

Subjects with diabetes (diagnosed and undiagnosed), when compared with those with
pre-diabetes and without diabetes, had higher glucose levels at admission (7.3 ± 2.7 mmol/L
vs. 5.6 ± 1.0 mmol/L vs. 5.3 ± 1.0 mmol/L; p for trend <0.001) (Figure 1, top panel),
higher estimated chronic glucose levels (9.0 ± 2.4 mmol/L vs. 7.0 ± 0.4 mmol/L vs.
5.5 ± 0.6 mmol/L; p for trend < 0.001) (Figure 1, top panel), lower A/C glycemic ra-
tio (0.83 ± 0.29 vs. 0.80 ± 0.14 vs. 0.97 ± 0.22; p for trend <0.001) (Figure 1, middle
panel), and higher values of HbA1c (7.3 ± 1.5% (56.0 ± 16.4 mmol/mol) vs. 6.0 ± 0.2%
(42.0 ± 2.2 mmol/mol) vs. 5.1 ± 0.4% (32.0 ± 4.4 mmol/mol); p for trend <0.001) (Figure 1,
bottom panel) compared to those subjects with pre-diabetes and without diabetes.

3.2. Mortality during the Follow-Up

Over the 4-year follow-up period, there were 546 deaths (51.4%), 319 (58.4%) subjects
with diabetes, 94 (17.2%) subjects with pre-diabetes, and 133 (24.4%) subjects without
diabetes. The Kaplan–Meier survival curves are shown in Figure 2. Subjects with diabetes
had higher risk for 4-year mortality compared to those without diabetes (HR 1.35 [95%
CI: 1.10–1.65]; p = 0.004). On the contrary, subjects with pre-diabetes did not show higher
mortality rates compared to those without diabetes (HR 1.19 [95% CI: 0.91–1.56], p = 0.201).

Figure 3 shows the Kaplan–Meier survival curves for all-cause mortality according
to tertiles of glucose levels at admission, estimated chronic glucose levels, A/C glycemic
ratio, and HbA1c for the whole population. Similar results were obtained when Cox
models were built for the primary end-point. Figure 4 shows the unadjusted hazard ratio
(HR) and the 95% confidence interval (95% CI) for glucose levels at admission, estimated
chronic glucose levels, the A/C glycemic ratio, and HbA1c tertiles in the whole population,
stratified according to glucose status. While in subjects without diabetes and subjects with
pre-diabetes, no association was found with 4-year mortality, the results found in the whole
population were particularly evident in subjects with diabetes. In this subgroup, a U-shape
curve association was found between glucose levels at admission and the 4-year mortality
risk. The first tertile was significantly associated with higher 4-year mortality (HR 1.60 [95%
CI: 1.22–2.11]; p = 0.001) and the third tertile showed a trend towards higher mortality (HR
1.29 [95% CI: 0.97–1.70]; p = 0.078)). In addition, the A/C glycemic ratio was negatively
associated with 4-year mortality in subjects hospitalized for acute HF (HR 0.76 [95% CI:
0.58–0.99]; p = 0.046 and HR 0.68 [95% CI: 0.52–0.89]; p = 0.005 for the second and the third
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tertile, respectively). Acute hypoglycemia was associated with a 4-year mortality risk in
this population (HR 2.84 [95% CI: 1.55–5.19]; p = 0.001).

Figure 1. Glucose at admission and estimated chronic glucose levels (top panel), acute to chronic
glycemic ratio (mid panel), and HbA1c (bottom panel) for subjects admitted to the hospital for acute
heart failure (whole population and stratified by diabetes status) * p < 0.005.
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Figure 2. Kaplan–Meier survival curves for all-cause mortality according to glycemic category:
normal glucose metabolism (grey line), pre-diabetes (dark grey line) and diabetes (black line).

Figure 3. Kaplan–Meier survival curves for all-cause mortality according to the tertiles (first tertile:
green, second tertile: blue, third tertile: red) of glucose levels at admission, estimated chronic glucose
levels, acute to chronic glycemic ratio, and HbA1c for the whole population.
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Figure 4. Unadjusted hazard ratio (95% CI) of the end point (4-year mortality for all-cause) grouped
according to tertiles (first tertile: green, second tertile: blue, third tertile: red) of glucose levels at
admission, estimated chronic glucose levels, the acute to chronic glycemic ratio, and HbA1c in the
whole population and stratified according to glucose status.

To further identify the potential independent predictors associated with all-cause
mortality and to evaluate the potential role of both acute and chronic glycemic control,
multivariate Cox regression analyses were performed. Candidate variables were selected
based on univariate analyses and on the basis of previously described risk factors in
subjects with heart failure. In the univariate analysis, age, arterial hypertension, chronic
kidney disease, troponin T, NT-proBNP, III-IV functional class of the NYHA, heart failure
of ischemic etiology, previous peripheral artery disease, previous chronic obstructive
pulmonary disease, and a previous history of heart failure admission during the last
year were positively associated with 4-year mortality (Table 2). BMI, hemoglobin, and
serum albumin concentrations were negatively associated with all-cause mortality. Table 3
shows the results after adjusting for multiple risk factors regarding the association between
diabetes status and the risk of 4-year mortality. Subjects in the third tertile of A/C glycemic
ratio (mean glucose at admission: 7.7 mmol/L (range 4.3–27.0); mean HbA1c: 5.5% (range
5.1–7.5) (37 mmol/mol; 32–58 mmol/mol)), which represents those patients with a good
chronic glycemic control, but acute stress hyperglycemia at admission, had a lower risk
of 4-year mortality (adjusted HR 0.79 [95% CI: 0.64–0.99]; p = 0.040) compared to those in
the first tertile (mean glucose at admission: 5.5 mmol/L (range 1.1–14.7); mean HbA1c:
7.3% (range 4.7–15.2) (56 mmol/mol; range 28–143). These results would suggest that
acute hypoglycemia at admission, or at least relative hypoglycemia (i.e., lower levels
than the expected for chronic glycemic control), is deleterious in subjects with diabetes.
Other variables that were independently associated with 4-year mortality were age, III-
IV functional class of the NYHA, heart failure of ischemic etiology, previous peripheral
artery disease, and NT-proBNP concentrations. When the results were analyzed stratifying
the subjects according to the etiology of heart failure (non-ischemic vs. ischemic), the
association between the third tertile of A/C glycemic ratio and the 4-year mortality was
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still significant for the ischemic group (unadjusted HR 0.71 [95% CI: 0.53–0.95]; p = 0.023
and adjusted HR 0.69 [95% CI: 0.49–0.97]; p = 0.034). Similar results were found when
HbA1c (or estimated chronic glucose levels) was used instead of A/C glycemic ratio, with
a higher risk of 4-year mortality for those subjects in the third tertile (adjusted HR 1.26 [95%
CI: 1.02–1.57], p = 0.032). No association was found between 4-year mortality and glucose
status, acute hypo- or hyperglycemia, or glucose levels at admission.

Table 2. Univariate Cox regression analysis of 4-year all-cause death.

Variables HR (95% CI) p Value

Age (years) 1.04 (1.03–1.05) <0.001

Sex (female vs. male) 1.04 (0.88–1.23) 0.637

Smoking (yes vs. no) 0.97 (0.89–1.05) 0.421

BMI (kg/m2) 0.97 (0.96–0.99) <0.001

Hypertension (yes vs. no) 1.36 (1.08–1.71) <0.010

Dyslipidemia (yes vs. no) 1.01 (0.85–1.20) 0.884

Statin use (yes vs. no) 1.06 (0.89–1.26) 0.532

CKD (yes vs. no) 1.68 (1.41–2.02) <0.001

Hemoglobin (g/dL) 0.93 (0.89–0.97) <0.001

Albumin (g/dL) 0.56 (0.47–0.68) <0.001

Troponin T 1.14 (1.06–1.24) 0.001

NT-proBNP (pg/mL) 2.31 (1.98–2.70) <0.001

LVEF ≤ 40% (yes vs. no) 0.93 (0.79–1.11) 0.431

NYHA class (III–IV vs. I–II) 1.79 (1.50–2.13) <0.001

HF of ischemic etiology (yes vs. no) 1.49 (1.26–1.77) <0.001

Previous stroke (yes vs. no) 1.29 (0.99–1.65) 0.050

Previous peripheral artery disease
(yes vs. no) 1.42 (1.15–1.75) 0.001

Previous COPD (yes vs. no) 1.34 (1.11–1.63) 0.003

Last-year acute heart failure
admission (yes vs. no) 1.88 (1.46–2.42) <0.001

HR: hazard ratio; CI: confidence interval; BMI: body mass index; CKD: chronic kidney disease; ProBNP: N-
terminal pro-brain-type natriuretic peptide; HF: heart failure; NYHA: New York Heart Association; COPD:
chronic obstructive pulmonary disease.

Table 3. Multivariate Cox regression analysis of 4-year all-cause death in the whole population of
patients with acute heart failure.

Variables HR (95% CI) p Value

Age (years) 1.03 (1.02–1.04) <0.001

HF of ischemic etiology (yes vs. no) 1.38 (1.12–1.71) 0.003

NT-proBNP (pg/mL) 2.05 (1.68–2.51) <0.001

A/C glycemic ratio (third tertile) 0.79 (0.64–0.99) 0.040
Variables included in the model were: Age, sex, diabetes status (without diabetes, prediabetes and diabetes)
smoking habit, body mass index, arterial hypertension (yes vs. no), chronic kidney disease, hemoglobin, serum
albumin, N-terminal pro-brain-type natriuretic peptide (NT-proBNP) (logarithm), III–IV functional class of the
New York Heart Association, heart failure (HF) of ischemic etiology, left ventricular ejection fraction, previous
peripheral artery disease, stroke, chronic obstructive pulmonary disease, and a previous history of HF admission
during the last year. A/C glycemic ratio, acute/chronic glycemic ratio.
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4. Discussion

The main finding of the present study is that the A/C glycemic ratio was significantly
associated with 4-year mortality in subjects hospitalized for acute HF, improving the ability
to predict the 4-year mortality compared with glucose levels at admission or the average
chronic glucose concentrations. These results were particularly evident in subjects with
diabetes, in whom a high glucose level at admission is not always an index of stress hyper-
glycemia; furthermore, lower glucose concentrations or an intensive glycemic control can
be sometimes detrimental. Therefore, the assessment of the A/C glycemic ratio could better
identify true stress hyperglycemia rather than the glucose levels at admission alone, taking
into account at the same time relative hypoglycemia and thus improving the discrimination
of subjects at high risk.

Acute hyperglycemia has been recognized as an independent determinant of adverse
short-term prognosis, both in subjects with or without diabetes hospitalized for HF (9–11).
Nevertheless, studies evaluating the impact of glycemic control on long-term prognosis
have shown conflicting results (12–14). To the best of our knowledge, this is the first study
evaluating the potential role of the A/C glycemic ratio as a prognostic factor in subjects hos-
pitalized for acute HF. In our study and accordingly to previous results [19], subjects with
diabetes had a higher risk for 4-year mortality compared with subjects without diabetes or
pre-diabetes. In addition, we found that the A/C glycemic ratio was significantly associated
with 4-year mortality in the whole population and particularly in subjects with diabetes and
in subjects with heart failure of ischemic etiology. While the average chronic glucose level
increased in parallel with the increase of 4-year mortality in the whole population (showing
a trend towards significance in subjects with diabetes), the glucose levels at admission
presented a U-shape curve association. This later finding suggests that both acute hyper-
and hypoglycemia could have a negative impact on mortality in subjects with diabetes
hospitalized for acute HF. However, the A/C glycemic ratio, which integrates both acute
and chronic glycemic control, was inversely associated with 4-year mortality, particularly
in subjects with diabetes. These results might suggest that an imbalance between glycaemia
at admission and chronic metabolic control can be detrimental (especially for those with
glucose levels at admission lower than the expected for chronic glycemic control), resulting
in higher mortality rates and adding a better prognostic value than each component alone.

In that sense, Fujino et al. showed that acute hyperglycemia had worse in-hospital out-
come in subjects with AMI. However, in subjects with glycemia at admission ≥200 mg/dL,
the in-hospital mortality rate was lower in those with HbA1c ≥ 6.5% compared with those
subjects with HbA1c < 6.5% (5.5 vs. 18.9%; p = 0.010). [20]. Marenzi et al. demonstrated
that the A/C glycemic ratio was associated with in-hospital mortality, morbidity, and
infarct size in subjects with acute myocardial infarction (AMI), improving the prediction
capacity of glycaemia at admission and HbA1c, with the results particularly evident in
subjects with diabetes [15]. Finally, in COVID-19 patients, an association between worst
outcomes (in-hospital mortality, ICU admission, and mechanical ventilation) and the third
A/C glycemic ratio tertile was found (adjusted HR 3.96 [95% CI 1.35–11.59], p = 0.012).
Moreover, an increased mortality rate was demonstrated in the first and third A/C glycemic
ratio tertiles, with glycemic levels at admission 18% under and 22% above chronic levels,
respectively [21].

Hypoglycemia has been associated with an increased risk of cardiovascular events
and mortality [22,23]. This association is likely to be multifactorial [24]. Three randomized
clinical trials comparing the effect of more versus less intensive glycemic control among
individuals with established Type 2 diabetes at increased cardiovascular risk (ACCORD,
ADVANCE, and VADT) did not show significant reductions in cardiovascular events or
mortality [25–28]. In fact, mortality increased in the ACORD trial and all three studies
showed a significant association between severe hypoglycemia and mortality. Whether the
association was causal or because of confounding factors remains unclear. Nevertheless,
the results of our study take a step further, suggesting that lower levels than the expected
for chronic glycemic control are also associated with mortality. Hypoglycemic events
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trigger a contra-regulatory response that involves multiple stress pathways and sympa-
thetic nervous system activation. These systemic changes have substantial hemodynamic,
pro-inflammatory, and pro-atherothrombotic effects that worsen cardiac function [24].
Moreover, it is well-known that up to 25 percent of critical patients have a partial ACTH
deficiency that would condition a relative suprarenal insufficiency [29]. This fact might
explain the increased mortality without a stress hyperglycemia response.

HF is common in Type 2 diabetes and vice versa, leading to a mutual negative im-
pact on prognosis [30]. While the prevalence of Type 2 diabetes in general population
is 10–15% [2], prevalence of Type 2 diabetes in subjects with HF is 25–30%, a proportion
that increases to 40% in those subjects hospitalized for HF [7,31]. In that sense, our results
are in accordance with previous data and confirm that in subjects with HF at high-risk
for hospitalization, the prevalence of diabetes in subjects hospitalized for acute HF was
higher (55.6%) and increased to 74% when pre-diabetes is also taken into account. More-
over, subjects with diabetes had a worse clinical profile compared with subjects without
diabetes (with higher numbers of comorbidities, higher decline of renal function, higher
concentrations of NT-proBNP, worst NYHA class, and higher rates of hospital admission
for acute HF in the previous year), which probably justifies the higher 4-year mortality
rates. Nevertheless, the association between the A/C glycemic ratio and 4-year mortal-
ity remained significant after adjusting for the other potential prognosis factors, which
reinforces our results. Thus, all these results highlight the importance of diabetes and its
metabolic control in the progression and prognosis of HF.

Knowledge about the complex interplay between Type 2 diabetes and HF has dra-
matically changed recently due to appearance of new glucose-lowering drugs. Recently
performed cardiovascular outcome trials (CVOTs) have shown that many glucose-lowering
drugs may variably influence the risk or progression of HF. In that sense, the sodium-
glucose co-transporter 2 inhibitors (iSGLT-2) have demonstrated a risk reduction of hospi-
talization for HF (HR between 0.61–0.73) and the risk reduction of MACE (cardiovascular
death, myocardial infarction, and ischemic stroke) in the HF subgroup (DECLARE TIMI
58, CANVAS, EMPA-REG OUTCOME, CREDENCE) [32–35]. The interplay between both
diseases is complex and multifactorial, and the mechanisms of potential benefits in HF
are not fully elucidated, but may extend beyond glycemic control. iSGLT-2 have shown
reductions in HbA1c between 0.48–1.16% compared with placebo, a slight improvement to
justify a 27–39% reduction of hospitalization for HF. Given their potential benefits in the
population with HF, iSGLT-2 are currently being investigated in the treatment of subjects
with chronic HF. In that sense, the DAPA-HF demonstrated a risk reduction of 26% of the
primary composite endpoint (mortality or worsening NYHA class) and a risk reduction
of 25% for the secondary composite endpoint (mortality or hospitalization for HF) [36].
Furthermore, the EMPEROR-Reduced trial found that the combined risk of cardiovascular
death or hospitalization for heart failure was 25% lower among patients who received
empagliflozin, regardless of the presence or absence of diabetes [37]. This recent evidence
may lead to a misperception that metabolic control is not important in subjects with di-
abetes and HF. However, our study, designed prior to the implementation of these new
glucose-lowering drugs, highlights the importance of the potential role of glucose changes
in cardiovascular outcomes.

The strengths of the current study include its large sample size, the prospective design,
a well-characterized population, adjustment for a variety of risk factors, and a long-term
follow-up. Nevertheless, our study is not exempt of limitations. Firstly, our cohort includes
subjects hospitalized for acute HF; thus our results cannot be extrapolated to the whole HF
population. Secondly, the identification of diabetes subtypes was not feasible, although
other diabetes subtypes different than Type 2 diabetes may represent a lower proportion.
Thirdly, information on cause of death or hospital readmission was not collected. Finally,
HbA1c values, which might have had an impact on HF prognosis, were not recorded
during the follow-up.
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5. Conclusions

In conclusion, we have demonstrated that the A/C glycemic ratio in subjects with
diabetes hospitalized for acute HF is closely associated with 4-year mortality. Use of
the A/C glycemic ratio may be particularly valuable in subjects with diabetes with poor
chronic glycemic control because it may identify true stress hyperglycemia, which has been
associated with worse prognosis.
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