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Abstract

Background This meta-analysis was conducted given the contradictory findings from studies on the influence of
diabetes duration or age at onset on mortality in patients with insulin-dependent diabetes mellitus (IDDM).

Methods Electronic databases (PubMed, Embase, Cochrane, Web of Knowledge, Scopus, and CINHAL) were compre-
hensively searched to identify relevant studies until October 31, 2022. All of the selected articles contained statistics
on hazard ratios, relative risks (RRs), or odds ratios, or data for estimating the association between diabetes duration
or age at onset and total mortality in IDDM patients. Regardless the heterogeneity assessed by the I statistic, pooled
RRs and 95% confidence intervals (Cl) for total mortality were acquired via random effect meta-analysis with inverse
variance weighting.

Results This meta-analysis finally included 19 studies involving 122, 842 individuals. Both age at onset and diabetes
duration were positively associated with an increased mortality rate in IDDM patients. Specifically, the pooled RRs for
age at onset and diabetes duration were 1.89 (95%Cl 1.43-2.50) and 1.89 (95%Cl 1.16-3.09) respectively. Subgroup
analyses revealed that only prepubertal onset was associated with a greater survival advantage than pubertal or
postpubertal onset.

Conclusions The findings of this meta-analysis and systematic review suggest that a later age at onset or longer
diabetes duration is associated with increased risk of total mortality in IDDM patients. However, this conclusion shall
be interpreted with caution due to the possibility of residual confounding and be confirmed in the future by well-
designed studies.
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and children frequently [4], and becomes more prevalent
worldwide in the last decade [5]. Since 1989, the global
incidence of IDDM in children under 14 has increased by
3% annually [6], and about 8.4 million people worldwide
would have IDDM in 2021 [7]. Misdiagnosis, underdiag-
nosis, a considerable chance of complications, and pre-
mature mortality are obstacles [8, 9].

Evidence from the past confirms that age at onset is
closely related to premature mortality among IDDM
patients [10]. According to a Swedish study, it discov-
ered that patients who developed IDDM before the
age of 10 years, and 26—30 years had a threefold, and
less than twofold increase in mortality respectively com-
pared to controls [11]. A Finnish study determined
that the standardised mortality ratio for the early onset
(0—14 years) cohort was 3.6 and that for the late onset
(15-29 years) cohort was 2.80 [12]. Likewise, a recent
narrative review found a correlation between the onset
age of IDDM and total mortality [13]. This review had
numerous limitations, including the absence of subgroup
analysis and failure to recognize heterogeneity. Spe-
cifically, the omission of certain confounders (e.g., study
design, early-onset criteria, and model adjustment igno-
rance) may result in bias. In addition, a previous analy-
sis of 13 population-based EURODIAB registers from 12
countries found inconsistent results and no significant
difference in the standardised mortality ratios by age at
diagnosis [14].

In terms of diabetes duration, a longer duration implies
an earlier onset, and a lower mortality risk shall be antici-
pated. This is not the situation, however. No systematic
review or meta-analysis of the relationship between dia-
betes duration and mortality in diabetic populations has
been conducted to date. In light of these considerations,
our objective is to determine if diabetes duration or age
at onset influences the total mortality of diabetic patients.

Methods

Search strategy and inclusion criteria

PubMed EMBASE, Wiley Cochrane Central Register of
Controlled Trials (CENTRAL), Web of Science, Scopus,
and CINAHL were exhaustively searched until October
31, 2022 in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses [15].
The search terms included "diagnostic age" or "diag-
nosis age" or "age of diagnosis" or "age on diagnosis" or
"age at diagnosis" or "age at onset" or "onset age" or "age
of onset" or "childhood onset" or "adolescent onset" or
"puberty onset” or "prepuberty onset" or "duration of
diabetes” or "time of diabetes" or "period of diabetes"
(search strategy shown in Additional file 1). The refer-
ences in pertinent articles were manually looked through
to identify potential articles. WD and YZ searched
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independently, and any disagreement between them was
coped by team consensus. The authors were contacted
to obtain required information. If a site-specific dataset
had been previously published, the most recent publica-
tion was chosen.

The inclusion criteria were: (i) observational study
(cohort or case—control); (ii) reporting the relationship of
diabetes duration or age at onset (age at diagnosis) with
total mortality in IDDM patients; (iii) reporting effect
estimates: standardized mortality or incidence ratio
(SMR or SIR), or hazard ratio (HR), relative risk (RR) or
odds ratios (OR), and relevant raw data for re-calcula-
tion. The exclusion criteria were: (I) case report, quasi-
experiment (non-random subject allocation), editorial,
remark, review, or unpublished study; (II) only published
as abstract or conference proceeding. Studies that did not
report such estimates for IDDM but also included T2D
were excluded.

Data extraction and quality evaluation

Information regarding the study, participants (mean
attained and current age, and gender), analysis strat-
egy (statistical models, adjustment factors), and effect
magnitude (e.g., SMR or IRR, or HRs, RRs or ORs)
was gathered along with relevant raw data for recalcula-
tion. Specifically, the study information included design,
name of first author, title, publication year, country/
region, calendar time period of study, follow-up time,
endpoints, sample size, adjustment level, measure of
association, numbers of observed and expected events.
The study quality was evaluated separately by WD and
YZ using the 9-star Newcastle—Ottawa Scale (NOS). A
rating greater than six stars indicates high quality [16].
Disagreements were handled by discussion.

Statistical analysis

The principal result measure was total mortality. As a
control for the age at onset, the earliest age at onset or
prepubertal onset was used. The associations between
age groups and total mortality in the same study, relative
to the controls, were merged before being combined with
measurements from other studies. In terms of diabetes
duration, only the shortest duration was used as a con-
trol, and the associations of different age groups, relative
to the controls, with total mortality from the same study
were combined before being combined with measure-
ments from other studies.

The percent of between-study variability attrib-
utable to between-study heterogeneity was esti-
mated by the I* statistic [17] and categorized as
high, modest or low with I°>50%,<50% and <25%,
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respectively. The iterative non-central Chi-2 method [18]
was used to identify a CI for I12.

Regarding the a-priori discrepancy of OSs, we per-
formed subgroup analyses for the association between
age at onset and total mortality according to sample size
(<1000, and>1000), control group (prepubertal, and
others), age at onset/age at diagnosis, and type of effect
measure (reported and calculated). Identifiable sources of
dissimilarity were clarified by removing the articles one
by one in a sensitivity test.

When 5 or more studies were available for analysis,
Begg’s and Egger’s tests were used to test publication bias,
and the dissymmetry of funnel plots of estimated effects
versus standard errors was visually inspected [19]. Duval
& Tweedie’s trim-and-fill method was used to correct for
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any publication bias (P<0.10). All other analyses were
performed on STATA 12.0 (US) at the significance level
of P<0.05.

Results

Study identification and quality evaluation

The systematic search yielded 5,390 publications, of
which 61 were chosen for additional review (Fig. 1). Two
articles [20, 21] from the same data source presented
contradictory findings, and thus were both included.
Two studies [22, 23] from the same team or institution
with different results were included for analysis. Two
studies [24, 25] from the same team or institution both
reported an independent variable with age at onset and
age at diagnosis and thus were both included. Finally, 20
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papers provided information on the link between diabe-
tes duration or age at onset and total death (Table 1). The
20 studies included two case—control studies [10, 26], 17
cohort studies [11, 20-23, 25, 27-37], and one study [24]
that combined both case—control and cohort studies. The
sample sizes of these studies ranged from 103 to 27,195
patients, and the follow-up periods ranged from 3.0 to
33.0 years. The share increased from 40.05% to 72.22%,
while diabetes duration increased from 3.5 to 31.9 years.

Aside from the multinational origins in one study [33],
other origins included developed countries or regions in
15 articles [10, 11, 22-32, 35, 36], and developing coun-
tries in only four articles [20, 21, 34, 37]. Three articles
[22, 26, 28] and sixteen studies [10, 11, 20, 21, 23-25,
27, 29-33, 35-37] presented data comparing diabetes
duration and age at onset, respectively, with the risk of
total mortality, and one study [34] presented data com-
paring either diabetes duration or age at onset with total
mortality.

With>7 NOS scores (mean=7.5; Additional file 2:
Table S2), all 20 OSs were of high methodological quality.

Impact of diabetes duration on total mortality in IDDM
patients

In a random-effects model with significant heterogeneity
(I2=75.2%; P=0.018) from four relevant studies, patients
with longer diabetes duration had a 89% higher risk
(pooled RR, 1.89; 95%CI 1.16-3.09; P=0.011) in suscep-
tibility to any death. Figure 2 illustrates forest plots of the
meta-analysis.

Impact of age at onset on total mortality in IDDM patients
Seventeen relevant studies were included in the analysis
of age at onset/age at diagnosis with the danger of total
mortality. Overall, the pooled RR showed a 89% greater
risk of total death in late-onset TID patients compared to
early-onset IDDM patients (RR,1.89; 95%CI 1.43-2.50;
p<0.001), however, there was evident heterogeneity
among trials (’=92.3%, p<0.001) (Fig. 3). After remov-
ing single studies, sensitivity analysis showed that hetero-
geneity did not disappear. Neither Egger’s test (P =0.183)
nor visual check revealed any substantial publication bias
(Additional file 3: Fig.S1).

The pooled RRs were broadly consistent across the
large sample size (>1000 patients, P<0.001), age at
onset/age at diagnosis (both P <0.001), prepubertal onset
as control group (P<0.001), and type of effect measure
(reported, P <0.001; calculated, P=0.005) (Fig. 4).

Discussion

We are the first to comprehensively examine and meta-
analyze the discrepancy between early-late onset or dia-
betes duration and total mortality in IDDM patients.
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Our findings reveal that IDDM people have a greater
risk of mortality over longer time period with diabetes.
In regard to early-late onset, we searched all current
studies involving 69,031 people and discovered a signifi-
cantly higher risk of total mortality for those with a later
onset than those with an earlier onset. Only prepubertal
onset offered a survival advantage according to further
subgroup analyses. Furthermore, age at onset and age at
diagnosis were both positively connected with the risk of
total mortality, with age at onset being more evenly dis-
tributed. Although the underlying biological mechanisms
directly linking prepubertal onset or diabetes duration to
death have yet to be determined, there are three accepted
hypotheses. (1) As reported [38], diabetes duration has
been linked to the prevalence and prognosis of diabetic
complications, and the impact of age at onset on mortal-
ity may be attributed to a differential effect of puberty on
duration in the etiology of microvascular complications
[10]. It is further proposed that the age at onset is marked
significantly by duration and not by age, because the per-
sistence of diabetes after puberty will predict mortality,
regardless of age. (2) The etiology of IDDM is heteroge-
neous, with a more benign disease diagnosed before the
age of 12 years, and the diabetic complications progress
due to a different pathogenesis [10, 39-41] and worse
glycemic control. This is so due to the impaired insulin
action [42] caused by increased secretion of various hor-
mones during puberty [43-45], by psychosocial issues
[46], and differences in self-management education and
experience, additional to differences in shifting health
services from pediatric to adult populations [35]. (3) In
the peripubertal group, the duration from onset to diag-
nosis may be longer than in the younger population, con-
tributing to a longer period of potential organ damage
[20].

Notably, Araz Rawshani et al. [11] discovered that
patients who developed IDDM between the age of 0
and 10 had hazard ratios for all-cause mortality of 4.11
in contrast to the general population, after adjusting for
duration. They believed that diabetes duration was sig-
nificant since total correction was unattainable. Diabetes
duration is a component of total glycemic load. Glycae-
mic load is defined as the cumulative exposure of the
vasculature to glucose and is affected by diabetes dura-
tion and glycaemic variability. A larger glycemic burden
and hence the damage lead to longer duration of diabetes
(similar to the area under the LDL cholesterol exposure
curve) [47, 48]. Obviously, coronary arteries are par-
ticularly sensitive to hyperglycemia, and possibly even
more when hyperglycemia first manifests during the
first 10 to 15 years of life. Another possible explanation
for their findings is that individuals with a younger age
of onset have a more severe and rapid loss of B-cells due
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Fig. 2 Forest plot for the association between diabetes duration and risk of total mortality in IDDM patients (The X-axis represents the log scale; the
solid square represents the relative risk; and the horizontal lines represent the 95% Cls. The same in other figures)
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Fig. 3 Forest plot for the association between age at onset and risk of total mortality in IDDM patients
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Fig. 4 Forest plot for the association between age at onset and risk of total mortality in IDDM patients according to some clinically important

variables. IDDM insulin-dependent diabetes mellitus

to a distinct type of insulitis [49, 50], which contributes to
elevated glycemia. Furthermore, after 10 years of disease
duration, children and teenagers with IDDM begin to
suffer subclinical cardiovascular disease abnormalities, as
exemplified by numerous methodologies [51-53]. Given
these contradicting reports, more research is needed to
determine whether such disparities among age-at-onset
groups are connected to a different etiology of disease
based on age at onset.

Using raw data from Araz Rawshanis et al. study,
we discovered that prepubertal onset was preferable
to later onset. The explanation is unknown, but can be
due to an ambiguous achieved age, as there is consider-
able debate about whether diabetes duration or age of
onset is the key predictor of increased relative mortality.
This was because the pubertal group had diabetes for a
shorter time period than the prepubertal group at a given
attained age. A given attained age simultaneously rep-
resents background risks. Studies [25, 32, 54, 55] found
that attained age, rather than diabetes duration or age
at diagnosis, was the most crucial predictor of outcome.
Because attained age is the sum of age at onset and dura-
tion of diabetes, it cannot be assessed in a single multi-
variate analysis model. Reportedly, diabetes duration had
a strong but variable impact on relative mortality, and age
at diagnosis, in conjunction with diabetes duration, was
the most crucial predictor [55]. None of the parameters

influenced the relative mortality of patients with a tran-
sient diabetes history. Age at initiation and diabetes dura-
tion at admission were the primary indicators of higher
relative mortality in diabetic individuals with median
duration. However, after 40 years, almost all of the factors
had lost their significance. One study [23] also revealed
that duration of diabetes did not impact diabetic compli-
cations as severely as previously thought.

The detailed retrieval plan utilizing Cochrane proto-
cols and the relatively large sample size are two signifi-
cant strengths of this meta-analysis. This study has some
limitations. First, the avoidance of unpublished reports
may have skewed our results. Second, the onset age and
diagnosis of IDDM cannot be discriminated precisely,
and the misclassification may obscure a significant link.
Third, significant heterogeneity was discovered due to
the lack of uniformity in the case elucidation method,
study design and period, endpoint classification, and
the adjusted level of between-study confounding. These
results need be confirmed by other research because we
cannot take into account the vast majority of between-
study heterogeneity, despite the sensitivity testing.
Fourth, no information was available on the treatment or
other clinical factors (e.g., HbAlc level). In consequence,
it is challenging to identify the factors that influence how
mortality risk changes. Fifth, studies with smaller sample
sizes (N<1000) were included in the meta-analysis, but
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these studies very probably lacked the statistical power to
identify the true association.

Conclusion

In summary, our study provides further evidence for the
association between age at onset or diabetes duration,
and mortality risk in IDDM patients. However, this con-
clusion must be understood carefully given the potential
remaining confounding factors and be further validated
by well-planned prospective studies.
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