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Introduction
Diabetes mellitus (DM) affects nearly 6% of the population1 

and long-term maintenance of optimal glycemic control has been 
established as a major therapeutic goal,2 since it has been prospectively 
associated with decreased risk of diabetic complications.3,4 Therefore, 
the identification of the factors associated with optimal glycemic 
control is considered a research priority.

Depression is approximately twice as frequent in patients with 
DM compared to individuals without DM.5,6 Furthermore, depression 
among patients with DM seems to be more prevalent in low- and 
middle-income countries than in high-income countries, although the 
relevant studies are limited.7 The risk for incident depression in patients 

with DM is estimated at approximately 1.25.8,9 Comorbid depression 
in patients with DM has been associated with compromised adherence 
to self-care and adverse health outcomes.8,10 The findings concerning 
the association between depression and glycemic control in patients 
with type 2 DM (T2DM) remain controversial; a meta-analysis,11 a 
number of cross-sectional12,13 and longitudinal14‒17 studies as well 
as findings of clinical trials18 argue in favor of such an association. 
However, there are also studies that did either found no association,19 
or found an association that did not hold after controlling for factors 
such as social support and social comparison.20 In addition, there are 
longitudinal studies that found no association between improvement 
in depressive symptoms and improvement in HBA1c,21‒23 while others 
found an association between depressive symptoms at baseline and 
HBA1c at follow-up, which did not hold after controlling for baseline 
HBA1c.24

Age at T2DM onset has drawn attention only recently, since 
previous studies focused mainly on disease duration. An alarming 
trend to a declining mean age at T2DM onset has been reported.25 
Earlier age at onset has been found to be linearly associated with 
higher HBA1c in a recent study,26 whereas a relatively earlier age at 
onset, i.e. before 65years of age, was also found to be associated with 
higher HBA1c levels.27
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Abstract

Objective: The findings concerning the association of metabolic syndrome (MetS) and 
depression with glycemic control are controversial. Recently, age at type 2 diabetes 
mellitus (T2DM) diagnosis has attracted particular attention but the relevant findings are 
limited. This study aimed to further assess the association between age at T2DM diagnosis, 
depressive symptoms and MetS with glycemic control in T2DM patients.

Methods: In 116 T2DM patients we assessed disease-related and MetS-related variables 
as well as depressive symptom severity (Center for Epidemiological Studies-Depression 
scale - CES-D). Glycemic control, as assessed by glycated hemoglobin (HBA1c) levels, 
was the dependent variable.

Results: Suboptimal HBA1c levels, i.e. 7% (53 mmol/mol) or higher, were found in 35.3% 
of the patients. Elevated CES-D scores indicative of clinically relevant depressive symptoms 
(CES-D≥16) or possible major depression (CES-D>23) where found in 31.9% and 11.2% 
of the patients, respectively. Younger age at T2DM diagnosis (p=0.004), greater treatment 
intensity (p=0.009), higher levels of depressive symptoms (p=0.011) and the presence 
of a clinically defined MetS (p=0.012) were the variables independently associated with 
glycemic control in multiple regression analysis after adjusting for sex, education, marital 
status, family history of diabetes and disease duration.

Conclusion: In T2DM patients, the linear association found between depressive symptom 
severity and glycemic control points to the need of depressive symptoms being timely 
addressed. Younger age at T2DM onset may also be an important correlate of suboptimal 
glycemic control, independent of disease duration. Finally, classification of MetS in T2DM 
by clinical severity might help delineate its impact on glycemic control.
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The metabolic syndrome (MetS) represents a constellation of 
factors, namely central obesity, hyperglycemia, dyslipidemia and 
hypertension, associated with increased risk for cardiovascular 
disease.28 The prevalence of MetS in T2DM patients varies widely 
across studies, probably reflecting the divergence in the diagnostic 
criteria applied as well as cross-cultural differences. The former is 
illustrated in a study among 700 adults with T2DM in India,29 where 
the prevalence of MetS was 28%, 45.8% and 57.7% following 
WHO,30 NCEP-ATP-III31 and IDF criteria,32 respectively. Besides 
inconsistencies due to different criteria applied, the prevalence of 
MetS has been found to vary by country; for instance, MetS was 
found in 29.2% among 448 Asian Indian T2DM patients,33 in 51.2% 
among 5829 Chinese T2DM patients34 and in 70% among 1314 
T2DM patients in Italy,35 according to NCEP-ATP III criteria. The 
findings concerning the association between the presence of MetS 
and glycemic control are inconclusive so far with studies arguing 
either in favor34,35 or against36 such an association or identifying an 
association between MetS and higher HBA1c levels in univariate but 
not multivariate analysis.37

The present study aimed to further assess the association between 
glycemic control and depressive symptoms and/or MetS as well 
as the association between glycemic control and age at T2DM 
diagnosis. With regard to the association between glycemic control 
and depressive symptoms, we sought to investigate whether such an 
association would hold in a multivariate analysis after controlling for 
additional factors that have not been broadly addressed, namely age 
at T2DM diagnosis, family history of diabetes and the presence of 
MetS. Concerning the association between age at T2DM diagnosis 
and glycemic control, we aimed to provide further support and extend 
the findings of previous studies by investigating whether a linear 
inverse association between age at T2DM diagnosis and HBA1c 
would hold after controlling for T2DM duration, the presence of MetS 
and depressive symptoms severity.

Materials and methods
Participants

The sample derived from the Diabetological outpatient unit of 
the 1st Internal Medicine Department of AHEPA General Hospital, 
Thessaloniki, Greece. Inclusion criteria were: established diagnosis 
of T2DM and ability to fully understand and fill-in the self-
report questionnaires. Exclusion criteria were: presence of current 
psychiatric morbidity and/or use of psychotropic medication, since 
psychotropic agents might affect both glycemic control and the 
scoring in the psychometric scales, thus obscuring the associations 
under investigation. One hundred and fifty nine patients were invited. 
After thorough explanation of the research protocol, 126 patients 
agreed to participate and provided informed consent (response rate: 
79%). After taking exclusion criteria into account, the effective 
sample consisted of 116 patients with T2DM. All procedures followed 
were in accordance with the Helsinki Declaration concerning human 
experimental research. The study protocol was approved by the 
Bioethics Committee of the Aristotle University of Thessaloniki.

The descriptive characteristics of the sample are presented in 
Table 1. The two sexes were almost equally distributed in the sample. 
Participants’ age ranged from 26 to 80years (median: 62years). 
The majority was married and half of them had received primary 
education. A positive family history of T2DM was present in 57.8% 
of the patients. Median age at T2DM diagnosis was 51.5years and 
median duration of T2DM was 7.9 years. Nearly two thirds of the 

patients were currently treated with oral hypoglycemic agents. 
Median BMI was 28.8kg/m.2 Obesity, dyslipidemia and hypertension 
were found in 43.1%, 41.5% and 55.2%, respectively. According 
to the clinical criteria applied, MetS was present in 45.7% of the 
patients. Median HBA1c was 6.5% (47.5mmol/mol) and 35.3% of the 
patients had HBA1c ≥ 7% (53 mmol/mol). Median score in CES-D 
scale was 11; almost one in three patients (31.9%) had a score of 
16 or higher in CES-D, indicative of clinically relevant depressive 
symptoms, whereas 11.2% had a score > 23, indicative of possible 
major depression.

Table 1 Sample characteristics (demographics, diabetes-related and metabolic 
syndrome-related variables) and depressive symptoms assessed with CES-D 
scale

Sex (N, %)   
Male 60 (51.7%)
Female 56 (48.3%)
Age, Years (mean ± SD) 60.63±10.76
Education Level (N, %)
Low (Primary) 61 (52.6%)
Medium (Secondary) 34 (29.3%)
High (Tertiary) 21 (18.1%)
Family Status (N, %)
Having a Spouse 96 (82.8%)
Not having a Spouse 20 (17.2%)
Family History of T2DM (N, %)
No 49 (42.2%)
Yes 67 (57.8%)
Age at T2DM Diagnosis, Years (mean ± SD) 50.69±10.63
T2DM Duration, Years (mean ± SD) 9.96±7.52
Treatment Intensity (N, %)
Low (Diet only) 9 (7.8%)
Medium (Hypoglycemic pills) 75 (64.7%)
High (Insulin) 32 (27.6%)
BMI, kg/m2 (mean ± SD) 29.92±5.80
Obesity, i.e. BMI>30 kg/m2 (N, %)
No 66 (56.9%)
Yes 50 (43.1%)
Dyslipidemia Under Treatment (N, %)
No 68 (58.6%)
Yes 48 (41.4%)
Hypertension Under Treatment (N, %)
No 52 (44.8%)
Yes 64 (55.2%)
Metabolic Syndrome (MetS) (N, %)
No 63 (54.3%)
Yes 53 (45.7%)
HBA1c, % (mean ± SD) 6.73±1.39
CES-D Score (mean ± SD) 12.81±8.32  

Procedures

Data concerning demographics, diabetes-related and MetS-related 
variables, as well as depressive symptoms were gathered. Demographic 
variables included sex, age, family status and educational level. 
Diabetes-related variables included HBA1c, age at T2DM diagnosis, 
T2DM duration and family history of T2DM and treatment modality 
which reflected treatment intensity. Diet, oral hypoglycemic agents 
and insulin, represented low, moderate and high treatment intensity, 
respectively. HBA1c was treated as a continuous variable for the 
purposes of the analysis. In addition, for the descriptive part of 
the analysis, an HBA1c value of 7% (53 mmol/mol) or higher was 
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regarded as indicative of suboptimal glycemic control.2 MetS-related 
variables included body mass index (BMI), obesity, hypertension 
and dyslipidemia. Obesity was defined as BMI>30kg/m2, whereas 
hypertension and dyslipidemia were considered as present so long 
as the patients had a relevant diagnosis and were currently under 
appropriate medication. For the purpose of the analysis, obesity, 
hypertension and dyslipidemia were not treated as separate variables 
but were combined in a composite categorical variable, namely MetS. 
MetS was considered as present as long as at least two among the 
following three, namely obesity, hypertension and dyslipidemia, were 
present. Our criteria are close to IDF32 and NCEP-ATP III,31 with slight 
modifications. In specific, central obesity was assessed according 
to BMI instead of waist circumference, whereas the assessment 
of hypertension and dyslipidemia was not based on laboratory 
measurements (i.e. Blood pressure, Triglycerides, HDL-C levels) 
but on the presence of established clinical nosology (i.e. Diagnosis 
and appropriate treatment of hypertension and/or dyslipidemia). In 
that sense, our criteria were stricter - thus referring to a ‘clinically 
defined MetS’ - potentially leading to an underestimation of MetS in 
comparison to IDF or NCEP-ATP III criteria. For instance, in those 
patients with both high triglycerides and low HDL-C, dyslipidemia 
alone - besides T2DM - would satisfy the criteria for MetS according 
to IDF and NCEP-ATP III. In contrast, our clinical definition of MetS, 
required dyslipidemia to be accompanied by at least one more clinical 
condition (hypertension under treatment and/or obesity) in order for 
MetS to be regarded as present.

Depressive symptoms were assessed with the Center for 
Epidemiological Studies – Depression (CES-D) scale. CES-D is a 
20-item questionnaire that assesses depressive symptoms over the 
previous week. Items are rated in a 4-point Likert scale (0-3) and the 
total score ranges from 0 to 60. Higher scores indicate greater severity 
of depressive symptoms. In a recent systematic review, CES-D was 
identified as the second most popular screening tool, applied in 21% 
of the studies among patients with DM.38 Moreover, a comparative 
study found that CES-D score was the best predictor of depression in 
patients with T2DM with the highest ability to discriminate between 
depression and other non-depressive symptoms.39 CES-D has been 
validated in Greek yielding a Cronbach’s alpha of 0.95. A cut-off level 
of 23/24 was identified as yielding both sensitivity and specificity 
values above 0.90 concerning the detection of major depression.40 
Therefore, we considered a score of above 23 in CES-D scale as 
indicative of possible major depression. We also applied the cut-off 
level of 16 or higher as indicative of clinically relevant depressive 
symptoms, as established in the literature.41,42 The aforementioned cut-
offs were used for the descriptive part of the study. For the purpose of 
the main analysis, CES-D score was treated as a continuous variable. 
Cronbach’s alpha in our dataset of patients with complete data on 
CES-D scale (N=89) was 0.87.

Statistical analysis

Exploratory and preliminary analysis - Treatment of missing 
values: Unfortunately, the presence of missing values concerning 
CES-D scale and HBA1c measurements on the very day of assessment 
was not avoided. The amount of complete data cases for the variables 
of interest were as follows: CES-D score: 89, HBA1c: 88. Listwise 
deletion of missing data cases would result in a limited sample size 
(N=69) that would not afford the intended multivariate analysis with 
9 independent variables. Thus, aiming at increasing the sample size 
available for the intended multivariate analysis and maximizing the 
power of the analysis, a missing values analysis was performed and 
Expectation-Maximization (EM) procedure was applied in order for 

the missing data to be imputed. In order for EM to be applicable, 
we tested whether the possibility of data Missing Not At Random 
(MNAR) would not hold. Data MNAR would be the case if, for 
instance, patients with higher levels of depressive symptoms indeed 
avoided providing data on CES-D scale, or patients with higher 
HBA1c avoided taking the blood test on the day of the assessment. 
As a first indication for the applicability of EM procedure Little’s test 
of data Missing Completely At Random (MCAR) was non-significant 
(p=0.876). In order to further verify the applicability of EM and the 
validity of the results it produced we performed a post hoc analysis, 
i.e. a comparison between the original and the imputed (obtained by 
EM) values of HBA1c and CES-D scores by means of two separate 
independent samples t-tests between originally complete data vs 
originally missing data (finally imputed by EM) dataset for each of 
the variable of interest, namely HBA1c or CES-D score. In case any 
significance difference between the two datasets emerged, the data 
would be MNAR. We found that mean HBA1c values were comparable 
between the originally complete data and the originally missing data 
(finally imputed by EM) dataset (6.72±1.53 vs 6.75±0.81; p=0.881) 
and the same was true regarding mean CES-D scores (12.56±9.35 vs 
13.55±3.85; p=0.426). Therefore, the possibility of data MNAR could 
again be dropped and the applicability of EM was post hoc verified.

Main analysis

Age was not included in the analysis due to strong intercorrelations 
and multicollinearity; age was strongly correlated with both age at 
T2DM diagnosis (r=0.754) and T2DM duration (r=0.366) as expected, 
since T2DM duration is a function of age and age at T2DM (T2DM 
duration = age – age at T2DM diagnosis). Thus, a linear multiple 
regression was performed with HBA1c as the dependent variable and 
9 independent variables, namely sex, educational level, family status, 
family history of DM, age at T2DM diagnosis, T2DM duration, 
treatment intensity, presence of MetS and CES-D score.

Results
As a preliminary step, we investigated for any multicollinearity 

issues. For this purpose, we first inspected the univariate correlations 
among the independent variables. As shown in Table 2, no strong 
correlations among the predictors were present; the highest correlation 
coefficient was observed between T2DM duration and treatment 
intensity (Spearman rho=0.42, reflecting a small to moderate 
association). Multicollinearity was further explored within the 
multiple regression analysis and no multicollinearity issues emerged, 
since all tolerance values were higher than 0.5 and all variance 
inflation factor (VIF) values were lower than 2.

In the main linear multiple regression analysis, 9 independent 
variables were entered in the model and four of them were significantly 
associated with higher HBA1c values. The model was significant 
(p<0.001) with an F (9,106) equal to 6.827 and accounted for 36.7% 
of HBA1c variance. As for the independent correlates of HBA1c, 
younger age at T2DM diagnosis (p=0.004), greater treatment intensity 
(p=0.009), higher levels of depressive symptoms (p=0.011) and the 
presence of a clinically defined MetS (p=0.012) were independently 
associated with higher HBA1c levels.

Given than treatment intensity is bidirectionally associated with 
HBA1c levels (as poor glycemic control often results in intensification 
of treatment regimen), we thought that HBA1c would be as likely 
to determine treatment intensity as to be determined by it. Thus, we 
performed another multiple regression analysis without including 
“treatment intensity” among the independent variables. The 8-variable 
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model was again significant (p<0.001) with an F (8,107) equal to 
6.418 and accounted for 32.4% of HBA1c variance. Alongside with 
the same independent correlates as before (i.e. younger age at T2DM 
diagnosis, presence of a clinically defined MetS and higher levels of 
depressive symptoms), longer T2DM duration was also found to be 
independently associated with higher HBA1c levels (p=0.018).

The results of the two multiple regression analyses are presented 

in Table 3. As stated above, no remarkable multicollinearity issues 
that might bias the regression models emerged in the multiple 
regression analyses; specifically, for the 9-predictor model, the lowest 
tolerance value observed was 0.696 (accordingly, the highest VIF 
value was 1.436) for the variable ‘treatment intensity’. Similarly, in 
the 8-predictor model, the lowest tolerance value observed was 0.751 
(accordingly, the highest VIF value was 1.332) for the variable of ‘age 
at T2DM diagnosis’.

Table 2 Univariate associations among independent variables and between each independent variable and the dependent variable (HBA1c)

HBA1c Sex 
(Female)

Education 
Level

Family 
Status (with 
spouse)

Family 
History of 
Diabetes

Age at 
T2DM 
Diagnosis

T2DM 
Duration

Treatment 
Intensity MetS CES-D 

Score

HBA1c 0.074 -0.141 -0.108 -0.041 -0.285 -0.319** 0.422** 0.297** 0.315**
Sex (Female) 0.074 -0.280** -0.244** 0.023 -0.112 -0.049 -0.071 0.014 0.360**
Education Level -0.141 -0.280** 0.036 -0.016 -0.201* -0.025 -0.121 -0.226* -0.301
Family Status 
(with spouse) -0.108 -0.244** 0.036 -0.021 0.058 0.028 0.09 0.052 -0.269**

Family History of 
Diabetes -0.041 0.023 -0.016 -0.021 -0.029 -0.124 -0.162 0.049 0.096

Age at T2DM 
Diagnosis -0.285 -0.112 -0.201* 0.058 -0.029 -0.306** -0.112 0.165 -0.074

T2DM Duration -0.319** -0.049 -0.025 0.028 -0.124 -0.306** 0.426** 0.047 0.105
Treatment 
Intensity

0.422** -0.071 -0.121 0.09 -0.162 -0.112 0.426** 0.323** 0.106

MetS 0.297** 0.014 -0.226* 0.052 0.049 0.165 0.047 0.323** 0.066

CES-D Score 0.315** 0.360** -0.301 -0.269** 0.096 -0.074 0.105 0.106
0.066 

Note: Data represent Spearman correlation coefficients. Statistical significance is indicated with asterisks as follows: ***: p<0.001; **: p<0.01; *:p<0.05

For dichotomous variables (i.e. sex, family status and family history of diabetes and presence of MetS) the coefficient represents point-biserial correlation

Table 3 Liner multiple Regression analysis to identify the factors independently associated with glycemic control, the latter as reflected by HBA1c values

 Model 1 (9 Regressors) Model 2 (8 Regressors)
Variable Standardized beta p Standardized beta p
Sex (Female) -0.077 0.384 -0.093 0.307
Education Level -0.08 0.371 -0.09 0.326
Family Status (with spouse) -0.078 0.336 -0.065 0.436
Family History of Diabetes -0.014 0.864 -0.054 0.507
Age at T2DM Diagnosis -0.263 0.004 -0.272 0.004
T2DM Duration 0.116 0.21 0.211 0.018
Treatment Intensity 0.248 0.009 Not included in the model
Presence of Metabolic Syndrome 0.219 0.012 0.294 0.001
Depressive Symptoms (CES-D score) 0.229 0.011 0.237 0.011
Regression Statistics F(9,106)=6.827; p<0.001 F(8,107)=6.418; p<0.001
 R2=0.367; adjusted R2=0.313 R2=0.324; adjusted R2=0.274

Discussion
The results of the present study showed that depressive symptoms 

are common in Greek patients with DM, as in other populations. A 
percentage of 31.9% of the patients presented scores of 16 or higher 
in CES-D scale, indicative of clinically relevant depressive symptoms 
and 11.2% presented scores above 23, indicative of possible major 
depression. These findings are in line with the prevalence rates 
reported for T2DM patients in a relevant meta-analysis6 regarding 
clinically significant depressive symptoms (32.9% as assessed by 
self-report questionnaires) and for major depression determined by 
diagnostic interviews (10.9%). To the best of our knowledge, this is 
the first study to address depressive symptoms in patients with T2DM 
in Greece, so no comparison with relevant studies in our country was 
applicable.

We also found that 57.8% of our patients had a positive family 
history of DM, similarly to what has been found (53.6%) in another 

study in Greece among 1473 patients with T2DM.43 In line with the 
results of this study, we also found no association between family 
history of diabetes and HBA1c levels.

Present findings showed a 45.7% prevalence of a clinically defined 
MetS. Although this rate falls within the aforementioned range reported 
in the literature, it is significantly lower than the 64.8% prevalence 
reported by another study in Greece.44 This discrepancy might be due 
to the definition of MetS in the present study, which reflected a clinical 
definition of MetS based on already established clinical nosology 
rather than a broader definition of MetS based on laboratory data. In 
addition, the assessment of obesity, which was based here on BMI, 
may reflect a less sensitive measure compared to waist circumference. 
In support of this explanation, abnormal waist circumference was 
found in 55.2% of the patients in the aforementioned study,44 whereas 
obesity was found in 43.1% of the present sample. Hypertension rates 
were comparable (59.5% vs 55.2%).
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The results of the present study confirmed the linear association 
between depressive symptom severity and HBA1c in line with the 
results of the only meta-analysis performed so far11 and a substantial 
body of evidence. Given that are also exist controversial findings 
and in order to shed further light to the discrepancies across studies 
we conducted additional analyses with HBA1c and/or CES-D score 
treated as categorical variables (results available upon request). 
Of note, when CES-D score was treated as a categorical variable 
(applying the cut-off levels of 16 or 23), neither clinically relevant 
depressive symptoms nor possible major depression, respectively, 
was identified as independent correlates of HBA1c (p=0.071 and 
p=0.140, respectively). Similarly, when HBA1c was treated as 
a categorical variable - applying the cut-off level of 7% (53mmol/
mol) -, depressive symptoms, either treated as a scale variable or 
as a categorical one, failed to be identified as independent correlate 
of HBA1c in the binomial logistic regression analyses performed 
(p=0.241, p=0.172 and p=0.421, respectively). These findings may 
explain to some extent the discrepancy across relevant studies, 
in that the way depressive symptoms or HBA1c are treated within 
the statistical analysis (as a scale vs a categorical variable) might 
account for the observed inconsistencies. Nevertheless, the linear 
association found here between depressive symptoms and HBA1c 
carries important clinical implications, suggesting that depressive 
symptoms should be addressed timely, since they might exert a 
negative impact on glycemic control even before the development 
of a clinical depression. The exclusion of patients currently under 
psychotropic medication that might have interfered with both HBA1c 
levels and the presence of MetS as well as the scoring in CES-D scale, 
represented a strength of this study, enhancing a clearer investigation 
of the association between depressive symptoms and glycemic control 
after excluding potential confounders.

Our main new finding is that age at T2DM diagnosis was inversely 
associated with HBA1c levels. This finding confirms the findings 
of a previous study reporting an inverse linear association between 
age at T2DM diagnosis and HBA1c26 and extends its findings, as 
the aforementioned inverse linear association was found here to 
hold in multivariate analysis even after controlling for depressive 
symptoms severity and the presence of a clinically defined MetS. 
Age at diagnosis represents a field not adequately studied in T2DM, 
particularly with regard to its association with patients’ well-being 
and quality of life alongside with the disease’s course and outcome. 
Thus, a further exploration of the role of age at diagnosis represents a 
factor that carries important implications for future research as well.

Finally, we identified the presence of a clinically defined MetS as 
an independent correlate of HBA1c. Given that the presence of MetS 
is a marker of insulin resistance, the association between MetS and 
HBA1c is a more or less expected finding, though not consistently 
replicated across studies. The controversy with previous findings 
concerning the association between MetS and glycemic control36,37 
might partly be due to the broadness as well as the divergence of 
criteria applied to assess MetS in T2DM. The findings of the present 
study, focusing on a clinically defined MetS, might contribute to 
shedding further light to the association between MetS and HBA1c.

There are some limitations in this study that have to be taken 
into account. Its cross-sectional design does not allow inferences 
about causality to be drawn, particularly concerning the association 
of depressive symptoms with glycemic control. The small sample 
size represents another limitation of this study. Although it was 
adequate for the intended multivariate analysis with 9 independent 
variables, it cannot guarantee the representativeness of the sample. 
In addition, we acknowledge that representativeness of the sample 

and generalizability of our findings might also be limited by the 
fact that the sample was drawn from patients attending a tertiary 
Diabetological outpatient unit. Although it is likely that many of our 
results would apply to patients with T2DM seen in other outpatient 
settings (especially since our results are consistent with studies in 
T2DM patients samples derived from different medical settings), the 
possibility that Diabetological unit attenders have different profiles 
could produce some selection bias. Glycemic control, for example, 
was quite good in the present sample, with the majority of patients 
having HBA1c < 7% (53mmol/mol), probably reflecting the medical 
service’s potential (a tertiary hospital outpatient unit specialized in 
DM). Another concern is that patients with relatively worse glycemic 
control (i.e. higher HBA1c values) might have been more reluctant to 
participate in the study. However, this seems less likely as indicated by 
the results of the post hoc analysis between the dataset with originally 
complete vs originally missing (later imputed by EM) HBA1c values. 
Finally, the presence of missing data was another limitation, which, 
however, was adequately dealt with by means of EM procedure, the 
applicability of which was verified both ad hoc and post hoc.

This study may have important implications for future research. It 
provides support to a recently growing body of evidence highlighting 
the role of age at T2DM diagnosis with regard to glycemic control 
and disease course. The finding of a linear association between age 
at T2DM diagnosis and glycemic control make the former, i.e. age 
at diagnosis, a significant factor deserving attention throughout a 
broad age spectrum not limited to certain age groups (e.g. children, 
adolescents, young adults or elderly patients above 65). We found 
that earlier T2DM onset is associated with higher HBA1c levels 
independent of disease duration. Additional multiple regression 
analyses perform including the interaction term “age at diagnosis 
x disease duration” as predictor variable in the 8- and 9-predictor 
models of Table 3 showed no statistically significant interaction for 
either model (p > .05); the results were similar as in Table 3 with only 
extremely minor deviations in the overall R2 and adjusted R2 values, 
standardized beta weights and individual predictor p-values. 
Therefore, it seems unlikely that earlier age at diagnosis is associated 
with higher levels of HBA1c by merely reflecting longer disease 
duration, i.e. chronicity. Although we acknowledge that what follows 
remains hypothetical since it could not be directly assessed in the 
present study, we consider it worth mentioning as it might represent a 
promising field for future research and practice.

Thus, concerning the association between age at diagnosis and 
HBA1c there might be another two possibilities, probably not mutually 
exclusive, in a biopsychosocial context. Firstly, earlier disease onset 
might reflect a biological vulnerability due to which insulin resistance 
may become more profound and manifest itself earlier. Secondly, 
earlier disease onset might particularly threaten psychological 
adaptation to DM diagnosis by imposing the burden of a chronic, 
demanding in terms of self-care and potentially dehabilitating disease 
early in life. Impaired psychological adaptation to DM diagnosis 
might, in turn, compromise long-term self-care and adherence to 
treatment regimen, thus leading eventually to higher HBA1c levels. 
Longitudinal studies investigating the association of age at T2DM 
diagnosis with T2DM course, progression and complications as 
well as with psychological adjustment, psychological distress and 
adherence to treatment regimens are needed, in order to enhance our 
understanding of the factors associated with the achievement and 
long-term maintenance of optimal glycemic control.

Conclusion
In T2DM patients, the linear association found between depressive 

symptom severity and glycemic control points to the need of depressive 
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symptoms being timely addressed even before the development 
of clinical depression. Furthermore, younger age at T2DM onset 
emerges as an important correlate of suboptimal glycemic control, 
independent of disease duration. Thus, age at T2DM onset warrants 
particular attention and physicians should stay alert when treating 
patients with relatively early disease onset, addressing factors that 
might interfere with the psychosocial adaptation to the early diagnosis 
compromising glycemic control. Finally, given the association found 
between the presence of a clinically defined MetS and higher HBA1c 
levels, the classification of MetS in T2DM by clinical severity might 
help shedding further light to its impact on glycemic control.
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