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■ Abstract 
BACKGROUND: Low blood glucose and HbA1c levels are 
recommended in the literature on management of diabetes. 
However, data have shown that low blood glucose is associ-
ated with serious adverse effects for the patients and the 
recommendation has been criticized. Therefore, this article 
revisits the relationship between HbA1c and all-cause mor-
tality by a meta-analysis of observational studies. AIM: The 
aim of this study is to determine whether there is a J- or U-
shaped non-linear relationship between HbA1c and all-cause 
mortality in type 2 diabetes patients, implying an increased 
risk to premature all-cause mortality at high and low levels 
of HbA1c. METHODS: A comprehensive literature search 
was conducted using PubMed, Medline, and Cochrane Li-
brary databases with strict inclusion/exclusion criteria. The 
published adjusted hazard ratios (HR) with 95% confidence 
intervals of all-cause mortality for each HbA1c category and 
per study were analyzed. Fractional polynomial regression 
was used with random effect modeling to assess the non-

linear relationship of the HR trends between studies. Seven 
eligible observational studies with a total of 147,424 partici-
pants were included in the study. RESULTS: A significant J-
shaped relationship was observed between HbA1c and all-
cause mortality. Crude relative risk for all-cause mortality 
identified a decreased risk per 1% increase in HbA1c below 
7.5% (58 mmol/mol) (0.90, CI 0.86-0.94) and an increased 
risk per 1% increase in HbA1c above 7.5% (58 mmol/mol) 
(1.04, CI 1.01-1.06). Observational studies revealed a J-
shaped relationship between HbA1c and all-cause mortality, 
equivalent to an increased risk of mortality at high and low 
HbA1c levels. CONCLUSIONS: This increased mortality at 
high and low HbA1c levels has significant implications on 
investigating optimum clinical HbA1c targets as it suggests 
that there are upper and lower limits for creating a ‘security 
zone’ for diabetes management. 
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1. Introduction 
 

 ype 2 diabetes (T2D) is one of the most seri- 
 ous burdens on public health in terms of mor- 
 tality, morbidity, and cost to the health care 

system. The increase in prevalence of chronic dis-
eases such as cardiovascular disease, hyperten-
sion, and obesity in both developed and developing 
nations highlights the increasing global burden, to 
which T2D is contributing as a common comorbid-
ity [1]. The projected financial burden and mortal-

ity associated with complications of diabetes are 
evidence enough that early detection and minimi-
zation of T2D adverse effects are critical measures 
worldwide [2]. 

Glycosylated hemoglobin (HbA1c) is used as a 
screening tool of diabetes in clinical practice 
throughout the United Kingdom, United States, 
and Australia [3, 4]. The World Health Organiza-
tion (WHO) has specified cut-off values for diagno-
sis of specific stages of diabetes [5]; it has not, 
however, published recommendations on the ap-
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propriate target HbA1c values for the manage-
ment of the disease. This is largely due to the un-
clear and conflicting literature reporting about the 
HbA1c/mortality relationship. 

The research in this area was dominated by 
clinical trials up to 2008, which gave rise to the 
different and frequently commentated conclusions. 
Many clinical trials suggest a decrease in all-cause 
mortality as HbA1c values decrease [6-8], while 
others suggest that there is no association [9-11]. 
The debate has continued because of the early ces-
sation of the Action to Control Cardiovascular Risk 
for Diabetes (ACCORD) trial [12], because there 
was an increased mortality in the treatment group 
that included patients who were trying to achieve 
low HbA1c levels. Since 2008, a number of meta-
analyses have been conducted on these clinical 
studies to highlight further the conflicting results 
[13-19]. 

Several observational studies have explored the 
HbA1c and all-cause mortality relationship since 
the publication of prior clinical trials and subse-
quent meta-analyses; these studies present inter-
esting results. All studies show an increase in all-
cause mortality with HbA1c values, where only the 
degree and pattern of association differ. Whilst 
most studies highlight a linear relationship [20-
29], several studies report a J- or U-shaped rela-
tionship [30-34], indicating an increased all-cause 
mortality at lower HbA1c levels similar to that 
seen in the ACCORD trial. 

The difference between the conclusions drawn 
from clinical trials and observational studies de-
serves further investigation. The need for a meta-
analysis in observational studies has been long re-
ported [35]. Despite two meta-analyses reporting a 
linear relationship [36, 37], there is no analysis in-
vestigating the overall trend and allowing for a 
non-linear relationship. Observational studies 
have the ability to detect patterns of mortality 
over a larger range of HbA1c values than current 
clinical trial results. A meta-analysis flexibly util-
izing statistical methods will allow deeper investi-
gation of the HbA1c and all-cause mortality rela-
tionship to seek for potential causes of a non-linear 
relationship based on the available data. 

The objective of this meta-analysis is to deter-
mine whether there is a J- or U-shaped relation-
ship between HbA1c and all-cause mortality in 
T2D patients within observational studies. 

2. Methods 
This meta-analysis was conducted according to 

the PRISMA statement [38], and the proposed re- 

 
porting (MOOSE) checklist and recommendations 
of the Observational Studies in Epidemiology 
group (Table A1, in the Appendix) [39]. 

2.1 Study selection 

A systematic literature search was conducted in 
May 2013 utilizing PubMed, Medline (OVID), 
EMBASE, and Cochrane Library databases. A 
combination of the following MeSH terms were 
used: ‘diabetes mellitus, type 2’, ‘diabetes compli-
cations’, ‘haemoglobin A, glycosylated’, ‘mortality’, 
‘survival’, ‘aged’, and ‘adult’, using ‘AND’ and ‘OR’ 
for appropriate combinations. 

The contents of 2,255 publications identified by 
literature search were reviewed independently by 
each of the authors to determine whether they met 
the eligibility criteria. Studies were eligible for in-
clusion when they satisfied the following criteria: 

 
1. HbA1c levels measured at baseline. 
2. Patients with diagnosed T2D included. 
3. Study population consisted of adult or aged 

patients. 
4. Hazard ratios (HRs) recorded for all-cause 

mortality. 
5. Study design classified as observational 

study. 
6. HRs available for more than two HbA1c 

categories, ranges, or values. 
7. Human study. 
8. Written in the English language. 

 
Studies were excluded when they fulfilled one 

or more of the following criteria: 
 
1. HR or relative risk (RR) of all-cause mor-

tality for HbA1c were not exposure vari-
ables. 

2. Not conducted on adult patients with dia-
betes. 

Abbreviations: 
 

ACCORD - Action to Control Cardiovascular Risk for Dia-
betes 
ADVANCE - Action in Diabetes and Vascular Disease: 
Preterax and Diamicron Modified Release Controlled 
Evaluation 
BMI - body mass index 
CI - confidence interval 
HbA1c - glycosylated hemoglobin A 
HR - hazard ratio 
PRISMA - Preferred Reporting Items for Systematic Re-
views and Meta-Analyses 
RR - relative risk 
WHO - World Health Organization 
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3. HbA1c not measured at baseline. 
4. Measured HR in only two HbA1c catego-

ries. 
5. Produced results as HR per 1% increase in 

HbA1c. 

 
If the full-text could not be found through the 

searched databases, journals were contacted di-
rectly. Full texts of all necessary articles were ac-
quired and reviewed. 

The selection was carried out in the following 
three steps (Figure 1): 

 
1. Each of the titles was screened for rele-

vance using exclusion criteria. 

2. Duplicates were removed and abstracts 
were reviewed within inclusion and exclu-
sion criteria. 

3. A thorough full-text review of the remain-
ing publications was conducted to deter-
mine whether the studies met the inclu-
sion criteria. 

 
Reference lists, citations, and review articles 

were manually reviewed for additional studies. 
These titles and abstracts were similarly screened 
and subsequently included if they satisfied the eli-
gibility criteria. Experts were also asked to iden-
tify additional studies. See Figure 1 for a sum-
mary of the screening and literature review proc-
ess. 

Medline/EMBASE = 449
PubMed = 1545
Cochrane = 245
Others = 16
Total = 2255

Title Review
Not relevant / exclusion criteria = 1809
Duplicates = 173

273 
Abstracts reviewed

Abstract Review
- Not relevant (n=74)
- Commentary/review (n=52)
- Clinical trial (n=29)
- Not reporting HbA1c values (n=3)
- Systematic review/meta-analysis (n=18)
- Not conducted in type 2 diabetes patients (n=1)
- Only reported prevalence and incidence of complications (n=2)
- Study conducted on adolescents and young adults (n=1)

93 
Full text articles 

reviewed

Full-text Screening
- Not relevant (n=17)
- All-cause mortality not reported (n=6)
- Clinical trial (n=2)
- Diabetes participants excluded from analysis (n=4)
- HbA1c used as a confounding variable (n=1)
- HR or RR not calculated in results (n=4)
- Insufficient comparable HbA1c categories (n=26)
- Mean HbA1c measured in two groups (n=10)
- Results not reported in a way this meta-analysis could use (n=14)
- Review article (n=1)
- Full-text not available in English language (n=2)

6 
Articles included in 

meta-analysis
 

 
Figure 1. Systematic literature search flow chart. 
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The correspondent author of one study was con-
tacted to request unpublished information neces-
sary for the meta-analysis [40]. However, the in-
formation was not supplied and therefore the 
study was excluded. 

2.2 Quality assessment 

To determine the methodological quality of the 
studies included in the meta-analysis, we used 
modified criteria recommended by BioMed Central 
for study evaluation [41]. The following criteria 
were used for evaluating study quality: 

 
1. Source of information, including the time 

of data collection. 
2. Study designs, including type of study, ap-

propriateness to answer research ques-
tions, measurement of exposure, ascer-
tainment of outcomes, statistical tech-
niques, and control for confounding factors. 

3. Valid interpretation of results. 
4. Discussion. 

 
A score was assigned to each study based on 

our assessment criteria and the quality assess-
ment scheme conducted by Phung et al. [42]. Each 
study could obtain a quality score between 5 and 
30, whilst a cut-off point of 25 was used to qualify 
for inclusion in our study. This cut-off score corre-
sponded to the minimum required quality. Details 
of the quality assessment template can be found in 
supplementary Table A2 (in the Appendix). 

2.3 Data synthesis and analysis 

Data was analyzed using Stata 12.0 [43]. The 
analysis was conducted in four steps: 

 
1. Pooled effect sizing, using a random effects 

model to ensure the correct adjustment 
and influence over the meta-analytic trend, 
was assigned to each study using sample 
size. 

2. Fractional polynomial regression was used 
to assess the non-linear relationship and 
generate coefficients. 

3. Values obtained from the fractional poly-
nomial regression were then used to pre-
dict the fitted average curve of the studies 
included in the meta-analysis. 

4. Poisson regression was used to calculate 
crude relative risk (RR) per 1% increase in 
HbA1c in each direction of the non-linear 
curve to provide further numerical evi-
dence. 

The analysis was conducted by treating HbA1c 
as a continuous variable to fit the appropriate frac-
tional polynomial regression model. To convert the 
HbA1c categorical data obtained from each study 
into a continuous variable, we used the recom-
mendations and methods suggested by Berlin et al. 
[44] and Il’Yasova et al. [45]. The midpoint (arith-
metic mean) was used in the case of a-b categories, 
while 0.8*a was used for categories as < a% 
HbA1c. In the case of > a% HbA1c, we utilized the 
an + (an- an-1) formula [45]. This is true for all stud-
ies included in the meta-analysis with the excep-
tion of both cohorts included from Currie et al. 
where we used the mean HbA1c of each category, 
as provided by the authors [31]. 

Because of the differences in HbA1c categories 
used in the studies, we needed to adjust the HR 
reference values to ensure that the study trends 
were better comparable in the fractional polyno-
mial analysis [45]. Each of the studies were ad-
justed so that the reference value (HR = 1) was lo-
cated as near to 7.5% (58 mmol/mol) HbA1c as 
possible. This arbitrary reference value was se-
lected upon observation that each of the included 
studies produced an HR for an HbA1c value of 
7.5% (58 mmol/mol) or within 0.05%. 

To test for heterogeneity between studies we 
used the coefficient of inconsistency (I2) as recom-
mended by Higgins et al. [46]. This measure pro-
vides a degree of inconsistency in the studies’ find-
ings by describing the percentage of total variation 
across studies which is due to heterogeneity [46]. 
The heterogeneity degrees ranged from 0 to 100%; 
we categorized them as low (<25%), moderate (25% 
to 75%), and high (≥75%). 

3. Results 

3.1 Included and excluded studies 

The systematic literature search initially iden-
tified 2,255 studies, 1,809 of which were excluded 
because of irrelevance or matching exclusion crite-
ria. Duplicates (n = 173) were also excluded at this 
stage. We reviewed 273 abstracts and excluded 
studies for the following reasons: 

 
- Non-relevance (n = 73). 
- Commentaries or review articles (n = 52). 
- Reports based on clinical trial data (n = 29). 
- Systematic reviews or meta-analyses (n = 

18). 
 
In the final screening stage, we reviewed the 

full text of 93 articles, and excluded a total of 87 
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studies. The main reasons for excluding studies at 
this stage were as follows: 

 
- Non-relevance (n = 17). 
- Reported HRs for less than 5 HbA1c catego-

ries (n = 26). 
- Only mean HbA1c reported in two popula-

tion groups (n = 10). 
- Results reported in such a way that they 

could not be used in this meta-analysis (n = 
13). 

Some of the reviewed studies reported results 
in terms of HR per 1% increase of HbA1c. These 
studies were excluded as their analysis is only 
suitable to demonstrate a linear relationship. 
Similarly, we excluded studies which had only two 
comparable HRs of HbA1c values because of their 
inability to demonstrate a non-linear relationship. 
During the statistical analysis process, we further 
excluded studies with HRs for less than five 
HbA1c categories [20-24, 27, 47, 48]. Evidence of 
exclusion is highlighted in the results. 

Table 1. Summary of the studies included in meta-analysis 
 

Study Year Location Study 
design 

Partici-
pants (n) 

Follow-
up 

Mean 
age (SD)

% men Adjusted variables 

Aguilar et 
al. 

2009 US Retrospective 
cohort 

5,815 2 yr 69.2 (9.2) 94 Age, gender, race, cancer, glomerular filtration 
rate (GFR), left ventricular ejection fraction, he-
moglobin, hyponatremia, chronic obstructive 
pulmonary disease, atrial fibrillation, race, can-
cer, previous heart failure hospitalization within 
last 2 years, angiotensin-converting enzyme in-
hibitor or angiotensin II receptor blocker use, 
beta-blocker use, statin use, peripheral vascular 
disease, dementia, sulfonylurea use, and bigua-
nide use 

Currie et al. 
cohort 1 

2010 UK Retrospective 
cohort 

27,965 3.9 yr 
Median 

64.1 57 Age at index date, sex, smoking status, mean 
post-index total cholesterol, baseline BMI, and 
general comorbidity. The Charlson comorbidity 
index was also used. 

Currie et al. 
cohort 2 

2010 UK Retrospective 
cohort 

20,005 4.4 yr 
median 

63.6 (11) 53 Age at index date, sex, smoking status, mean 
post-index total cholesterol, baseline BMI, and 
general comorbidity. The Charlson comorbidity 
index was also used. 

Huang et al. 2011 US Retrospective 
cohort 

71,092 4 yr 71 (7.4) 52.6 Age, gender, race, smoking status, duration of 
diabetes, systolic BP, GFR, urinary albumin ex-
cretion, BMI, prevalent complications and co-
morbidities (history of lower-extremity amputa-
tion, photocoagulation, hospitalization for acute 
metabolic event, myocardial infarction, stroke, 
congestive heart failure, cancer, chronic lung 
disease, and depression), number of inpatient 
admissions in the previous year, and baseline use 
of glucose-lowering medications 

Landman et 
al.  

2010 The Neth-
erlands 

Prospective 
cohort study 

1145 5.8 yr 
median 

68.7 
(11.5) 

45.7 Age, gender, smoking status, duration of diabe-
tes, creatinine, BMI, systolic BP, total choles-
terol-HDL (high-density lipoprotein) ratio, 
macrovascular complications, use of statins, insu-
lin use, and albuminuria. 

Skriver et 
al. 

2012 Denmark Population-
based obser-
vation study 

17,760 2 yr me-
dian 

66 47.7 Adjusted for age, sex, prior hospital admission for 
cardiovascular disease, number of prior diag-
nosed non-cardiovascular diseases, and response 
status. 

Stratton et 
al. 

2000 UK Observations 
of UKPDS 
(35) - pro-
spective ob-
servational 
study 

3642 10 yr me-
dian 

53 (8) 60 Age, sex, race/ethnicity, smoking status, base-
line LDL and HDL cholesterol, triglyceride, pres-
ence of albuminuria, and systolic BP. 
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Full texts could not be found in the English 
language for two articles [49, 50], which were sub-
sequently not included in the meta-analysis. The 
full text of Bramlage et al. was available in Ger-
man and investigated the prevention of cardiovas-
cular disease through various biomechanisms, spe-
cifically by blocking the endocannabinoid system 
[50]. HbA1c was discussed as a risk factor for car-
diovascular disease, but HRs for risk to all-cause 
mortality was not reported. The full text of Kim et 
al. was published in Korean and reported on 
HbA1c as a summary of diabetes management in a 
particular population [49]. This form of HbA1c 
values could not be utilized in this meta-analysis. 
The complete search summary can be seen in Fig-
ure 1. 

Currie et al. reported results on two separate 
cohorts included in the single publication [31]. 
Both of these retrospective cohorts fitted the inclu-
sion criteria, and were included in the meta-
analysis individually. Each was named for simplic-
ity and easy reference, Currie et al. cohort 1 and 
Currie et al. cohort 2. 

The studies included in the meta-analysis were 
retrospective cohort studies (n = 4) [30-32], pro-
spective studies (n = 2) [26, 33], and a population-
based observational study [34]. Furthermore, the 
majority of the studies were conducted in the UK 
[26, 31], the US [30, 32], Denmark [34], and the 
Netherlands [33]. Most of the studies had a me-
dian follow-up period of 2-4.4 years, with the ex-
ception of Stratton et al. (2000) [26] which had a 
median of 10 years’ follow-up. The number of par-
ticipants in the studies ranged from 1,145 [33] to 
71,092 [32], which combined to a total 147,424 in-
cluded participants. 

Of the studies included, the main confounding 
variables adjusted for in the analysis were age, 
gender, ethnicity/race, smoking status, blood pres-
sure, cholesterol, BMI, and various comorbidities 
associated with the specific area of research. Spe-
cific adjustment variables used in each study are 
highlighted in Table 1. 

As per our quality assessment outlined in sup-
plementary Table A2 (in the Appendix), all of the 
studies hold a quality score of 80-100%. This trans-
lates that all included studies achieved a score 
above the cut-off value of 25 out of 30; they could 
be regarded as high quality research articles. 

3.2 HbA1c and all-cause mortality 

Preliminary analysis included fourteen studies 
with more than two HbA1c categories [20-24, 26, 
27, 30-34, 47, 48], which significantly influenced 

the fractional polynomial curve so that a non-
linear curve was not evident (Figure 2). Since the 
non-linear relationship could be better detected 
with multiple HbA1c categories, further analysis 
was conducted. We excluded studies with HRs for 
less than five HbA1c categories and a distinct non-
linear J-shaped curve was observed (Figure 3) (p 
< 0.0001). This means that diabetes patients with 
high HbA1c levels have the highest risk of all-
cause mortality, while patients with low HbA1c 
are also exposed to a high risk, albeit less than 
that associated with high HbA1c. By comparing 
Figures 2 and 3 the following is apparent: when 
studies reporting HR for less than 5 HbA1c catego-
ries were included, the analysis was not detecting 
a significant J-shaped non-linear relationship. 
This translates to both Figures 2 and 3, demon-
strating an increased risk of all-cause mortality at 
higher HbA1c. However, only Figure 3, which in-
cludes studies with more than 4 HbA1c categories, 
had the power to detect an increased risk at lower 
HbA1c levels. 

To investigate further the trend observed in 
Figure 3 and provide additional numerical sup-
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Figure 2. All-cause mortality Hazard ratios (HR) for HbA1c 
values. Observed studies plotted against the predicted curve 
from regression analysis for studies with HRs reported for 
more than two HbA1c categories. 
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port, we calculated crude all-cause mortality RR 
per 1% increase in HbA1c within studies for 
HbA1c values above and below 7.5% (58 
mmol/mol). Further data were extracted, and per-
son-years for each HbA1c group were estimated 
from the studies (supplementary Table A3, see 
Appendix). Using a Poisson regression model, we 
conducted further analysis on the trends by sepa-
rating the HbA1c categories into two groups of 
<7.5% (58 mmol/mol) and ≥7.5% (58 mmol/mol) 
HbA1c. Two studies were excluded from this 
analysis as they did not report the crude number 
of events (all-cause mortality) [32, 33]. 

Figure 4 demonstrates the crude pooled RRs 
for each group of HbA1c values and highlights the 
significant decreased risk of death as HbA1c % in-
creases below 7.5% HbA1c (58 mmol/mol) (RR 0.90; 
CI 0.86-0.94, per 1% increase HbA1c). The per-
centages of total variation amongst the studies in 
this group caused by heterogeneity was high (I2 
92.1%, p < 0.001). 

Furthermore, we observed an increased risk in 
all-cause mortality for the group of HbA1c values 
above 7.5% (58 mmol/mol) as HbA1c increased. 
The pooled RR was 1.04 (CI, 1.01-1.06) per 1% in-
crease in HbA1c. The percentages of total varia-

tion amongst the studies in this group caused by 
heterogeneity was also high and significant (I2 
92.6%, p < 0.001). 

Figure 4 demonstrates that, although there is 
high heterogeneity amongst the studies, the analy-
sis determined a significantly increased risk of all-
cause mortality at both high and low levels of 
HbA1c. This provides further evidence for the 
overall J-shaped trend observed in Figure 3, sug-
gesting that diabetes patients with low or high 
HbA1c are at higher risk of all-cause mortality 
compared with patients with relatively moderate 
HbA1c levels. 

4. Discussion 
This meta-analysis highlighted an observed J-

shaped relationship between HbA1c values and 
all-cause mortality in observational studies. This 
means an increased risk of all-cause mortality in 
low- and high-HbA1c groups. Also, this J-shaped 
trend was significant in studies which measured 
all-cause mortality rates and HRs in more than 
four HbA1c categories. Crude RR per 1% increase 
of HbA1c demonstrated a significantly increased 
risk of all-cause mortality for HbA1c values both 
above and below 7.5% (58 mmol/mol) HbA1c. 

The J-shape relationship of this meta-analysis 
supports the results of ACCORD trial that showed 
an increased risk of mortality in T2D patients with 
<6% (<42 mmol/mol) HbA1c compared to those 
with 7.0-7.9% (53-63 mmol/mol) (RR 1.22) [12]. By 
locating the HbA1c values of the ACCORD trial 
standard and treatment groups on the fitted curve 
in Figure 3, it appears that the ACCORD trial re-
flects the comparative relationship observed in 
this meta-analysis below 7.5% (≤58 mmol/mol) 
HbA1c. The crude RR obtained in Figure 4 within 
the <7.5% (≤58 mmol/mol) HbA1c group showed a 
10% increased risk of all-cause mortality (RR 
0.90), which is slightly less than the 22% risk 
found in the ACCORD trial (RR 1.22), but high-
lights an increased risk nonetheless. This differ-
ence may be attributable to the crude mortality 
rates and estimated person-years which were used 
and/or the inclusion of the Stratton et al. [26] 
study which negatively influenced the meta-
analysis result in this group. 

In contrast, the Action in Diabetes and Vascu-
lar Disease: Preterax and Diamicron Modified Re-
lease Controlled Evaluation (ADVANCE) trial 
compared HbA1c values of 6.5% (48 mmol/mol) in 
the treatment group with 7.3% (56 mmol/mol) in 
the standard group, and obtained a HR of 0.93 for 
all-cause mortality [9]. By locating these HbA1c 
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Figure 3. All-cause mortality HR for HbA1c values. Obser-
ved studies plotted against the predicted curve from regres-
sion analysis for studies with HRs reported for more than 
four HbA1c categories. Equation of the fitted curve: HR = 
4.55018 - 1.53970*HbA1c + 0.53225 (HbA1c*ln(HbA1c)). 
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values on the fitted curve in Figure 3, it appears 
that the given HR would be expected to be indi-
cated by the gradient of the curve between these 
values. It also appears that each of the ACCORD 
and ADVANCE trials are simply reporting a rela-
tionship at a different position along the curve 
predicted by these observational studies. 

The studies included in this meta-analysis were 
of high quality and justifiably appropriate for in-
clusion. However, there were differences in the 
study populations resulting in heterogeneous HRs. 
All studies in the final analysis included elderly 
patients with a mean age for each study of over 
63.6 years, except for Stratton et al. [26] (53 
years). It can be seen in Figure 4 that Stratton et 
al. was the only study to report a decreased risk of 

mortality below 7.5% (58 mmol/mol), suggesting 
age may play a role in the elevated risk. 

Skriver et al. had a significantly lower number 
of participants in their <5% (<31 mmo/mol) HbA1c 
group [34], which could have dramatically influ-
enced the reported high risk to all-cause mortality 
(HR = 1.43) in low HbA1c levels. Aguilar et al. 
conducted their study in the most noticeably dif-
ferent population within our analysis [30]. This 
population had a mean age of 69.2 years, and all 
individuals had suffered from heart failure. This 
places them at high risk of mortality irrespective 
of HbA1c level. After Cox adjustment, we still ob-
served high mortality risk in the two lowest HbA1c 
groups (HR = 1.37, HR = 1.32). The mortality risk 
in this population appears to affect significantly 
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Figure 4. Calculated crude relative risks (RR) per 1 % increase of HbA1c values for ≤7.5% (≤58 mmol/mol) and ≥7.5% (≥58 
mmol/mol). 
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the curve for HbA1c values less than 7.45% (58 
mmol/mol). 

This provides support for Rutter’s hypothesis 
that patients with high comorbidities are more 
susceptible to an increased risk of all-cause mor-
tality at lower HbA1c [35]. However, the exact 
range of HbA1c values of the association varies be-
tween populations. 

The accuracy and reliability of the models used 
in this meta-analysis and the use of observational 
studies are strongly supported by their appropri-
ateness to fit the relationship determined in two of 
the most cited and highly debated studies in the 
literature [9, 12]. Although the ADVANCE and the 
ACCORD trials report different relationships be-
tween all-cause mortality and HbA1c, the frac-
tional polynomial regression of the observational 
studies is able to capture the overall trend over a 
larger range, while still providing support of each 
relationship. 

The two previous meta-analyses of observa-
tional studies [36, 37] using RRs of 1% increase in 
HbA1c concluded that all studies highlighted an 
increased risk to cardiovascular mortality when 
HbA1c is increased. Figure 3 implies the follow-
ing: if you were to calculate RRs between 6% (42 
mmol/mol) HbA1c and any value above 8.5% (69 
mmol/mol) you would expect to achieve an in-
creased relative risk of mortality. However, we 
have also shown that this is an insufficient way of 
measuring the mortality and HbA1c relationship 
over this complete range of HbA1c values. By ana-
lyzing the available observational studies using a 
non-linear fractional polynomial regression tech-
nique, we are able to identify the significant J-
shaped relationship which previous statistical 
analyses were unable to detect. 

The J-shaped trend conflicts with a recent ob-
servational study of a clinical trial conducted by 
Andersson et al. who found no association between 
low HbA1c and increased mortality in overweight 
and obese patients not experiencing weight loss 
[8]. This could be caused by the difference in popu-
lation groups between this study and the adjusted 
variables used in other studies. The participants in 
Andersson et al. were overweight or obese, specifi-
cally recruited for a weight-loss trial assessing the 
association between HbA1c and body mass index 
(BMI). However, four out of our seven studies [31-
33] included in our analysis have adjusted for BMI 
in their studies. 

The results presented here are also stable and 
reliable because we excluded those observational 
studies from our analysis with an insufficient 

number of HbA1c categories (n = 26). We are un-
able to determine whether there could have been a 
J-shaped relationship in these studies when their 
statistical analysis was tested for a non-linear re-
lationship. For example, Eeg-Olofsson et al. pre-
sented HRs in terms of per 1% increase of HbA1c, 
and they used three HbA1c categories, which led 
to a linear trend [21]. However, some of the re-
ported figures (Figure 3E) presented in [21] 
showed a U-shaped relationship in our analysis 
when HbA1c was subdivided into deciles. Without 
complete knowledge of the dataset it is difficult to 
draw a conclusion. However, it may be worth re-
analyzing these data to test for a statistically sig-
nificant non-linear trend. 

The J-shape found in our analysis is significant 
and has major implications for clinical trial design 
and clinical practice in the future. The predicted 
values obtained from the regression model appar-
ently demonstrate a kind of ‘security zone’ of 
minimal effect on HR for HbA1c values approxi-
mately between 6% and 7.5% (42-58 mmol/mol). 
The regression model has observed higher HRs for 
all-cause mortality in HbA1c values below 6% (42 
mmol/mol) and above 7.5% (58 mmol/mol). 

It was not the aim of the analysis to identify 
such a ‘security zone’ or to influence directly clini-
cal management parameters. Also, the results 
cannot define the optimal HbA1c range for T2D 
management, but they emphasize the need for 
more investigation surrounding this HbA1c range 
in further clinical trials and observational studies. 
Future clinical trials investigating the efficacy of 
diabetes management regimens should consider 
the consequences of lower HbA1c levels in differ-
ent populations, as identified in this study, and 
cautiously assign targets accordingly. 

5. Limitations 

This meta-analysis has limitations regarding 
the systematic literature search which was limited 
to articles published in English language. Al-
though we identified two non-relevant articles in 
non-English languages, we are unable to estimate 
the true representation of the worldwide published 
literature regarding the HbA1c/all-cause mortality 
relationship. We are confident that any publication 
selection bias would be minimal as we also identi-
fied a number of studies conducted in non-English 
speaking countries, which were published in Eng-
lish language. 

The meta-analysis may also be limited because 
of data excluded from studies which reported only 
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all-cause mortality HRs in less than five HbA1c 
categories. These studies may not have enough 
participants or events in the study to warrant so 
many categories. We cannot conclude that they 
would also have a non-linear relationship if more 
HbA1c categories were reported; they may in fact 
still report a linear relationship. Although it would 
be optimal, we did not have the resources to obtain 
all raw data from excluded studies to conduct non-
linear tests and calculate adjusted HRs in syn-
onymous HbA1c categories. However, our analysis 
highlights a distinct J-shaped relationship in all-
cause mortality for studies that report HRs for 
more than four HbA1c categories. 

We also need to mention that there may be 
other constraints caused by the inherent limita-
tions of the studies included in the analysis. How-
ever, we are confident that the quality assessment 
scheme applied ensured that only studies of high-
quality research were included. 

6. Conclusion 
This meta-analysis found a J-shaped relation-

ship between HbA1c and all-cause mortality in 
T2D patients in observational studies when mor-
tality rates and hazard ratios were measured in 
more than four HbA1c categories. The J-shaped 
relationship provides evidence that a ‘security 

zone’ exists for clinicians to target optimal HbA1c 
levels. To provide even stronger evidence for clini-
cal practice, the existing data of HbA1c values be-
tween 5.5% (37 mmol/mol) and 9% (75 mmol/mol) 
should be re-analyzed in more detail, and new data 
should consider HRs to be calculated in more than 
four HbA1c categories. 
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■ Appendix 
 
Table A1. MOOSE checklist 
 

 Reported on page Comments 

Reporting of background should include 

Problem definition 3, 4  

Hypothesis statement 4  

Description of study outcome(s) 3 ,4, 8, 18  

Type of exposure or intervention used 5, 6  

Type of study designs used 8, 18  

Study population 8, 9, 18  

Reporting of search strategy should include 

Qualifications of searchers (e.g. librarians and investigators) 5  

Search strategy, including time period used in the synthesis and key words 4  

Effort to include all available studies, including contact with authors 5  

Databases and registries searched 4, 5  

Search software used, name and version, including special features used (e.g. 
explosion) 

4  

Use of hand searching (e.g. reference lists of obtained articles) 5  
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List of citations located and those excluded, including justification 7, 8 Detailed information can also be 
found in supplementary Table A3 

Method of addressing articles published in languages other than English 5, 8, 13  

Method of handling abstracts and unpublished studies 5, 7  

Description of any contact with authors 5  

Reporting of methods should include 

Description of relevance or appropriateness of studies assembled for assess-
ing the hypothesis to be tested 

5-9  

Rationale for the selection and coding of data (e.g. sound clinical principles or 
convenience) 

6, 7  

Documentation of how data were classified and coded (e.g. multiple raters, 
blinding and interrater reliability) 

6, 7  

Assessment of confounding (e.g. comparability of cases and controls in stud-
ies where appropriate) 

n/a  

Assessment of study quality, including blinding of quality assessors, stratifica-
tion or regression on possible predictors of study results 

6 Quality assessment tool used can be 
found in supplementary Table A2 

Assessment of heterogeneity 7  

Description of statistical methods (e.g. complete description of fixed or ran-
dom effects models, justification of whether the chosen models account for 
predictors of study results, dose-response models, or cumulative meta-
analysis) in sufficient detail to be replicated 

6, 7  

Provision of appropriate tables and graphics 18-23 See also other supplementary tables 

Reporting of results should include 

Graphic summarizing individual study estimates and overall estimate 18-23  

Table giving descriptive information for each study included 18-20  

Results of sensitivity testing (e.g. subgroup analysis) 9, 10, 23  

Indication of statistical uncertainty of findings 9, 10, 23  

Reporting of discussion should include 

Quantitative assessment of bias (e.g. publication bias) 9-11  

Justification for exclusion (e.g. exclusion of non-English language citations) 10, 12, 13  

Assessment of quality of included studies 11-13  

Reporting of conclusions should include 

Consideration of alternative explanations for observed results 11-13  

Generalization of the conclusions (i.e. appropriate for the data presented and 
within the domain of the literature review) 

10, 12-14  

Guidelines for future research 11-14  

Disclosure of funding source 14  
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Table A2. Quality Assessment template 
 

Criteria  Question Potential 
Score 

Achieved 
Score 

Source of the Published in a peer-reviewed journal 5   

Information Not peer-reviewed but reviewed by some other groups     

  Non-reviewed journal or groups 4   

  Unpublished 3   

  If the study is unpublished, is the investigator willing to give an assurance 
that these are final, clean data? Yes/No 

2/1   

  Are the investigators and all institutional affiliations identified? Yes/No 1/0   

  When was information collected?     

  - Recent 5 years 3   

  - Recent 10 years 2   

  - More than 10 years 1   

Study Design (1)   Is the design described clearly? Yes/No 1/0   

   Is the design appropriate to the study questions? Yes/No 1/0   

  Are exposure indicators (HbA1c) clearly defined? Yes/No     

  - WHO category 3   

  - Cut-off point of the study population 2   

  - Other 1   

   Are there clear inclusion and exclusion criteria? Yes/No 1/0   

   Are there appropriate statistical packages for data analysis? Yes/No 1/0   

   Are there controlling for confounding factors? Yes/No 1/0   

Study Design (2)  Are the outcomes (All-Cause Mortality) clearly defined, including methods of 
ascertainment? Yes/No 

    

  - All-cause mortality is the primary outcome in the study 3   

  - All-cause mortality is not the primary outcome in the study 2   

  - All-cause mortality is not measured 1   

  Are the HbA1c measurement methods validated?? 1/0   

  Yes/No     

Study Results  Are baseline characteristics of subjects well described? Yes/No 1/0   

   Is the main question/hypothesis answered properly? Yes/No 1/0   

   Are HR/RR, 95%CI, p-value presented? Yes/No 2/0   

   Are potential confounding factors controlled or presented? Yes/No 1/0   

   Was analysis sensitive enough? Yes/No 1/0   

Study Discussion  Discussion of the limitations/innovation of the study? Yes/No 1/0   

   Comparison with previous work? Yes/No 1/0   

   Discussion of plausibility? Yes/No 1/0   

  TOTAL SCORE (Max 30; Min 5)     
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Table A3. Summary of data extracted from studies to calculate crude all-cause mortality relative risk (RR) 
 

Study HbA1c catego-
ries, HbA1c 
(%)a 

HbA1c used 
for analysis, 
HbA1c % 
(mmol/mol)b 

Sample 
size (n) 

Event 
number (n)

Median 
duration 
(years) 

person-
years 

Incidence 
(1,000 per-
son-years) 

HR as published 
(95% CI) 

Adjusted 
HR for 
meta-
analysisc 

≤6.4 5.12 (32) 1264 316 2 2528 125.0 1 1.37 
6.4-7.1 6.75 (50) 1152 265 2 2304 115.0 0.96 (0.81-1.13) 1.32 

Aguilar et al. 
2009 [30]   
  7.1-7.8 7.45 (58) 1092 193 2 2184 88.4 0.73 (0.61-0.88) 1 

  7.8-9 8.40 (68) 1198 269 2 2396 112.3 0.96 (0.81-1.13) 1.32 

  >9.0 10.20 (88) 1109 257 2 2218 115.9 1.06 (0.90-1.26) 1.45 

6.42 6.42 (47) 3513 301 3.9 13701 22.0 1.30 (1.07-1.58) 1.30 
6.94 6.94 (52) 3501 238 3.9 13654 17.4 1.07 (0.88-1.31) 1.07 

Currie et al. 
2010 [31], 
cohort 1 7.27 7.27 (56) 3374 231 3.9 13159 17.6 1.03 (0.85-1.26) 1.03 

  7.54 7.54 (59) 3136 207 3.9 12230 16.9 1 1 

  7.82 7.82 (62) 2884 190 3.9 11248 16.9 1.06 (0.86-1.30) 1.06 

  8.11 8.11 (65) 2684 179 3.9 10468 17.1 0.99 (0.80-1.23) 0.99 

  8.44 8.44 (69) 2437 175 3.9 9504 18.4 1.12 (0.90-1.39) 1.12 

  8.85 8.85 (73) 2334 168 3.9 9103 18.5 1.09 (0.87-1.37) 1.09 

  9.41 9.41 (79) 2133 161 3.9 8319 19.4 1.23 (0.98-1.55) 1.23 

  10.47 10.47 (91) 1969 185 3.9 7679 24.1 1.93 (1.55-2.42) 1.93 

6.42 6.42 (47) 1289 232 4.4 5672 40.9 1.79 (1.45-2.22) 1.79 
6.94 6.94 (52) 1291 204 4.4 5680 35.9 1.45 (1.17-1.80) 1.45 

Currie et al. 
2010 [31], 
cohort 2 7.27 7.27 (56) 1424 209 4.4 6266 33.4 1.35 (1.09-1.67) 1.35 

  7.54 7.54 (59) 1661 192 4.4 7308 26.3 1 1 

  7.82 7.82 (62) 1878 211 4.4 8263 25.5 0.98 (0.79-1.21) 0.98 

  8.11 8.11 (65) 2148 271 4.4 9451 28.7 1.15 (0.95-1.41) 1.15 

  8.44 8.44 (69) 2354 305 4.4 10358 29.4 1.21 (1.00-1.48) 1.21 

  8.85 8.85 (73) 2463 334 4.4 10837 30.8 1.21 (0.99-1.47) 1.21 

  9.41 9.41 (79) 2660 404 4.4 11704 34.5 1.46 (1.21-1.77) 1.46 

  10.47 10.47 (91) 2837 472 4.4 12483 37.8 1.80 (1.49-2.17) 1.80 

<6 4.80 (29) 1011 112 10 10113 11.1 1 0.57 Stratton et al. 
2000 [26] 6 to <7 6.50 (48) 1314 207 10 13143 15.8 1.37 0.78 

  7 to <8 7.50 (58) 1005 188 10 10054 18.7 1.76 1 

  8 to <9 8.50 (69) 660 123 10 6595 18.7 1.87 1.06 

  9 to <10 9.50 (80) 314 64 10 3137 20.4 2.18 1.24 

  ≥10 11.00 (97) 154 26 10 1537 16.9 2.39 1.36 

<5 4.00 (20) 161 22 2 322 68.3 1.75 (1.14-2.69) 1.43 Skriver et al. 
2012 [34] 5-5.9 5.45 (36) 2295 275 2 4590 59.9 1.12 (0.97-1.29) 0.92 

  6-6.9 6.45 (47) 5792 638 2 11584 55.1 1 0.82 

  7-7.9 7.45 (58) 4104 428 2 8208 52.1 1.22 (1.08-1.38) 1 

  8-8.9 8.45 (69) 2415 228 2 4830 47.2 1.37 (1.18-1.60) 1.12 

  ≥9 10.00 (86) 2993 268 2 5986 44.8 1.44 (1.24-1.66) 1.18 
 

Legend: a As presented in publication. b HbA1c values were converted from categorical into continuous data for analysis. c HRs were adjusted 
so the arbitrary reference value (HR = 1) was as close to 7.5% (58 mmol/mol) HbA1c as possible 
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