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Abstract
Aims: Many patients with type 2 diabetes (DM2) in Latin 
American countries remain insufficiently controlled. We 
aimed to identify factors associated with persistent poor met-
abolic control in Colombian patients with DM2.
Methods: Retrospective one-year follow-up cohort study of 
adult patients with DM2. The primary outcome was persistent 
poor metabolic control (PPMC): HbA1c level >8% in all mea-
surements during follow-up. Secondary outcomes were inter-
mittent poor metabolic control (IPMC) and good control (GC: 
simultaneous achievement of HbA1c, blood pressure and LDL 
cholesterol goals). Multiple demographic, clinical and laborato-
ry variables were predictors in multivariable logistical models.
Results: Of 399 patients included, 50 had the primary end-
point during follow-up. Older age was negatively associated 
with PPMC (OR 0.40, 95%CI 0.17-0.92 for extreme quartiles), 
even after multivariate adjustment. Depression and the pres-
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ence of multiple microvascular complications were strongly 
associated with the secondary endpoint IPMC (multivariate 
OR respectively 4.2, 95%CI 1.08-16.4 for depression; 5.61, 
95%CI 1.03-30.6 for microvascular complications). Being 
unemployed was associated with significantly less odds of 
achieving GC (multivariate OR 0.19, 95%CI 0.04-0.95).
Conclusions: Age, depression, the presence of microvascular 
complications and employment status were associated with 
the success or failure of diabetes management. These factors 
were better correlates of therapeutic success than the phar-
macological agent employed.
Keywords: Diabetes, metabolic control, HbA1c, chronic dis-
ease, chronic complications.

Introduction
Global and local relevance of diabetes

The global epidemic of diabetes continues on the rise, reach-
ing 382 million people with diabetes in the year 2014 according to 
recent figures from the International Diabetes Federation (IDF)(1). 
The worldwide prevalence of diabetes for adults between 20 and 
79 years of age is estimated to be 8.3%, and an estimated 24.1% 
to 75.1% of patients (depending on the region analyzed) have not 
been diagnosed. The proportion of the world health budget spent 
on the management of diabetes and its complications reaches an 
alarming 11 %, or 548 billion dollars(1). In the year 2013, 5.1 mil-
lion people died as a consequence of diabetes, even before taking 
into account the contribution of diabetes to deaths attributed to 
cardiovascular and cerebrovascular disease(2). More than 80% of 
these deaths occurred in low and middle income countries. In Co-
lombia, projections derived from somewhat outdated statistics(3) 
lead to an estimation of 2.135.380 people with diabetes, out of 
whom 920.220 do not know their condition(1). According to of-
ficial mortality statistics, diabetes is the fifth leading direct cause 
of death, again, not including its contribution to mortality from 
many other chronic diseases(4).

artÍculo original
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The importance of goal achievement
Despite their devastating consequences, the chronic com-

plications of diabetes may be prevented through appropri-
ate disease management and achievement of glycemic, blood 
pressure, lipid and other goals. Numerous studies have proven 
this principle both in patients with type 1 diabetes (DM1) 
(Diabetes Control and Complications Trial – DCCT and Epide-
miology of Diabetes Interventions and Complications – EDIC 
studies), and in patients with type 2 diabetes (DM2) (United 
Kingdom Prospective Diabetes Study – UKPDS, Kumamoto 
study and Steno multifactorial intervention study)(5-9). Conse-
quently, guidelines from most scientific societies around the 
world have recommended the pursuance of a glycated hemo-
globin A1c (HbA1c) level below a predefined threshold (usu-
ally a number between 6.5% and 8.0%), according to patient 
characteristics, disease duration and presence of comorbidi-
ties(10-12). When we take into consideration the severity of DM2 
as a public health problem, the availability of efficacious in-
terventions for its treatment, and the existence of free high-
quality disease management guidelines, the obvious question 
becomes: Why isn´t every patient with DM2 well controlled?

Goal achievement is insufficient worldwide
The problem of insufficient goal achievement in DM2 has 

been documented in many countries: The National Health and 
Nutrition Examination Survey of the United States (NHANES) 
found that at the end of the time period between the years 
1999 and 2010, just 14.3% of patients with DM2 simultane-
ously reached the goals of HbA1c, blood pressure and LDL 
cholesterol, the three main determinants of the appearance of 
chronic complications(13). Similar findings have been reported 
in Canada(14) and Europe(15). In Latin America in general and 
Colombia in particular, data on the degree of diabetes control 
and its associated determinants are scarce. A cross-sectional 
study undertaken in the city of Medellin in 2006, found that 
only 43.6% of patients with DM2 had an HbA1c <7% (53 
mmol/mol)(16), while in a study executed in 2007 in Bucara-
manga, Colombia, this proportion was merely 35%(17).

Persistent and intermittent poor metabolic control
We have previously shown that entering a multidisci-

plinary group practice was accompanied by reductions of 
around one percent point in HbA1c, and a larger likelihood of 
achieving HbA1c goals in patients with DM2(18). There are nev-
ertheless, patients who are extremely hard to get to goal, de-
spite the healthcare professionals best efforts (persistent poor 
metabolic control). On the other hand, there is also a popu-
lation of patients whose clinical evolution is characterized by 
constantly going into and out of treatment goals (intermittent 
poor metabolic control). DM2 is a very complex disease, and 
many factors beyond the natural history of the disease and the 
drugs used for its treatment have the potential to influence the 

final result of management. Thus, a most relevant question 
still to be addressed in our context as well as in other Latin 
American countries is: What are the main factors associated 
with the success or failure to achieve treatment goals in real 
life? The response to this question would allow to focus efforts 
on modifying those factors with the most influence on treat-
ment success.

We analyzed variables associated with a persistent or in-
termittent poor metabolic control despite being enrolled in a 
diabetes program with specialized, multidisciplinary care, fre-
quent contacts and close follow-up in a sample of Colombian 
patients with DM2.

Methods
Participants

We included patients older than 18 and with a diagnosis of 
DM2 according to American Diabetes Association criteria, who 
were formally enrolled in the “Clínica Especializada de Diabe-
tes” (Specialized Diabetes Clinic) program of the Fundación 
Santa Fe de Bogotá in Bogotá, Colombia during the year 2011, 
and attended the outpatient consult at least twice during the 
study period (average number of consultations per patient/
year is 4).  We excluded patients with type 1 diabetes, gesta-
tional or other types of diabetes, or with incomplete data on 
the relevant variables.

All patients had between 2 and 6 independent HbA1c mea-
surements.

Study design and outcomes
This was a retrospective cohort study that comprised the 

time period between January 1 and December 31, 2011 at the 
Diabetes Clinic of Fundación Santa Fe de Bogotá in Bogotá, Co-
lombia. The Specialized Diabetes Clinic is a multidisciplinary 
program in which, through a negotiation with the health in-
surance company, enrolled patients are entitled to 4 diabetol-
ogy checkups a year, the fundamental follow-up laboratories 
for DM2, professional nutritional consultation, group physical 
activity sessions, educational lectures and interconsultation 
with cardiology, nephrology and ophthalmology at least once 
a year. The central objective of the study was to identify factors 
associated with the repeated failure to attain glycemic control 
despite this intensive, goal-oriented and multidisciplinary ap-
proach.

The study had one main outcome and two secondary 
outcomes, which were analyzed separately. For the logisti-
cal regression analysis of each outcome (please see section 
2.5), diverse socio-demographic and clinical variables were 
considered as predictors. The primary outcome (persistent 
poor metabolic control - PPMC) was defined as presenting all 
HbA1c values during follow-up above 8% (63.9 mmol/mol). 
The first secondary outcome (intermittent poor metabolic 
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control - IPMC) was defined as presenting at least one HbA1c 
value above 8% (63.9 mmol/mol) during follow-up. The other 
secondary outcome was “good control” (GC), defined as the 
simultaneous attainment of an HbA1c below 7% (53 mmol/
mol), blood pressure below 130/80 mmHg and LDL choles-
terol below 100 mg/dL during follow-up.

Variables
The covariates included as predictors in logistic regres-

sion models were age, sex, time since DM2 diagnosis, marital 
status in two large categories (1. Not living with a stable part-
ner (single, divorced, widowed)) and 2. Living with a stable 
partner ((married or in cohabitation)), number of medical 
appointments attended during follow-up, educational level 
in two large categories (1. Up to primary or incomplete sec-
ondary and 2. Complete secondary or higher), body mass 
index, smoking status (1. Past or nonsmoker and 2. Current 
smoker (including those who abandoned less than 6 months 
ago)), usual alcohol consumption (at least once a month), 
waist circumference (measured midway between the lowest 
rib and the iliac crest), number of antidiabetic medications 
at baseline, insulin therapy at baseline (1. No, 2. Just NPH, 3. 
Just basal analog, 4. NPH plus 1 or more prandial dose(s), 5. 
Basal analog plus 1 or more prandial dose(s)), number of oral 
antidiabetic medications at baseline, number of microvascular 
complications at baseline (including retinopathy, nephropathy 
and neuropathy), depression (diagnosis in medical record or 
use of antidepressants after excluding use for neuropathy) and 
work status (employed, unemployed or self-employed).

Laboratory measurements
All laboratory determinations were undertaken at the Pa-

thology and Clinical Laboratory department of the Fundación 
Santa Fe de Bogotá, an internationally certified high complex-
ity clinical laboratory. HbA1c levels were always measured 
using a National Glycohemoglobin Standardization Program-
traceable methodology based on High Performance Liquid 
Chromatography (Premier Hb9210, Trinity Biotech, Ireland). 
In our laboratory, inter and intra-assay variation coefficients 
for the technique are lower than 2%.

Data collection and statistical analyses
All data were collected from the medical record system 

of our institution (HIS-ISIS®), extracting information pro-
spectively recorded during the follow-up period. The medical 
records for the “Clínicas Especializadas” program are highly 
standardized, and all healthcare professionals in the program 
must adhere to basic completion indexes of medical records. 
Mean values of continuous variables were compared using 
independent samples t-tests, comparisons between propor-
tions were done using chi-square tests. The association be-
tween predictor covariates and the study endpoints was done 

with multiple logistic regression, in three models of increas-
ing complexity: The first model included only each predictor 
separately, model 2 additionally adjusted for the two main 
demographic confounders (age and sex), model 3 was a mu-
tually adjusted model including all selected predictors. Thus, 
the purpose of the fully adjusted model was to examine the 
association between each predictor and the study outcome in 
the model, discounting the effect of other covariates (particu-
larly relevant to us were the covariates that described diabe-
tes treatment).The significance level for all statistical tests was 
5%, all analyses were made in SPSS, version 20.0.

Ethical aspects
Given that the study did not involve any additional mea-

surement or intervention beyond each patient´s medical treat-
ment, and that all data were anonymized before analyses, the 
study was considered to be of minimal risk from the ethical 
perspective. All procedures were executed in accordance with 
current legislation (Resolution 8430 of 1993 of the Colombian 
Ministry of Health). 

Results
Baseline characteristics

After applying selection criteria, 399 patients were eligible 
to participate in the study. The baseline characteristics of the 
study sample according to the presence or not of the primary 
outcome (PPMC), are shown in table 1.  Most participants 
were men (61.7%), three quarters were living with a stable 
partner and more than 90% had attended a College or Univer-
sity. The demographics of our program were reflected in an 
abundance of older, retired patients with long-standing DM2 
(average duration close to 10 years). Body-mass index was on 
average in the overweight/preobesity range. About 40% of 
participants were receiving some type of insulin therapy, and 
among those who received oral antidiabetics, most were tak-
ing one or two agents. We did not find any patient with more 
than 2 microvascular complications. As expected by study de-
sign, average HbA1c for the PPMC group was 10.0 +/- 1.72% 
(86 +/- 15 mmol/mol) while for the rest of the sample it was 
6.9 +/- 1.05% (52 +/- 8 mmol/mol). Participants were on av-
erage abdominally obese (average waist circumference 103.4 
cm) and depression or antidepressant use was highly preva-
lent in the study group (9.7%), much more so in the group 
with PPMC (16.0%).

Factors associated with PPMC
Twelve point five percent (12.5% - 50/399) of study par-

ticipants had the primary outcome of PPMC. In the univariate 
model, a significant association was found between longer 
diabetes duration and PPMC (Odds Ratio (OR) for quartile 4 
(duration ≥13 years) relative to quartile 1 (duration<3 years): 
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Persistent poor 
metabolic control

(N=50 )

 No  Persistent poor 
metabolic control

(N=349)
p-value

HbA1c (%) 10.0±1.72 6.9±1.05 <0.001

HbA1c (mmol/mol) 86 ± 15 52 ± 8 <0.001

Time since diabetes diagnosis  (years) 12.4±9.0 8.8±7.1 0.009

Age (years) 62.9±13.8 67.4±11.1 0.032

Body-mass index (Kg/m2) 28.7±5.1 28.3±4.9 0.62

Number of women (%) 20 (40%) 133 (38.1%) 0.79

Highest educational level

Primary or incomplete secondary 3 (9.4%) 26 (9.8%)
0.94

Complete secondary or higher 29 (90.6%) 240 (90.2%)

Marital status

Not living with stable partner (single, divorced, widowed) 9 (25%) 76 (27.0%)
0.79

Living with stable partner (married, cohabitation) 27 (75.0%) 205 (73.0%)

Work status

Employed 13 (31.7%) 46 (17.1%)

0.006Unemployed/self-employed 4 (9.7%) 41 (15.2%)

Retired 24 (58.5%) 182 (67.7%)

Current smokers 3 (6.8%) 13 (4.2%) 0.44

Alcohol consumption 3 (6.8%) 32 (10.5%) 0.45

Depression or antidepressant use 8 (16.0%) 31 (8.9%) 0.11

Number of oral antidiabetic agents used

0 12 (20.0%) 58 (16.7%)

0.90

1 17 (34.0%) 134 (38.6%)

2 20 (40.0%) 128 (38.9%)

3 3 (6.0%) 25 (7.2%)

4 0 (0) 2 (0.6%)

Insulin therapy

None 12 (24.0%) 230 (66.3%)

<0.001

Only NPH 6 (12.0%) 26 (7.5%)

Only basal analog 6 (12.0%) 41 (11.8%)

NPH + prandials 4 (8.0%) 19 (5.5%)

Basal analog + prandials 22 (44.0%) 31 (8.9%)

Microvascular complications

0 20 (40.0%) 238 (68.2%)

<0.001
1 28 (56.0%) 92 (26.4%)

2 2 (4.0%) 19 (5.4%)

3 0 (0) 0 (0)

Waist circumference (cm) 101.5±12.6 103.7±12.4 0.40

LDL cholesterol (mg/dL) 111.9±45.7 104.4±41.4 0.42

HDL cholesterol (mg/dL) 40.1±11.5 44.1±12.1 0.14

Triglycerides (mg/dL) 180.3±96.7 156.7±86.6 0.21

Systolic blood pressure (mmHg) 123.4±13.3 121.6±14.2 0.39

Table 1. Baseline characteristics of the study sample

Data are mean (SD) unless stated otherwise. For categorical variables data are n (%), unless stated otherwise.
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2.58, 95%CI: 1.04-6.39) (table 2). The association persisted 
after adjustment for age and sex, but lost significance after 
adjustment for diabetes therapy and other covariates. Un-
expectedly, age showed a negative association with PPMC 
in the univariate model (OR for age ≥74 relative to age<60: 
0.40, 95%CI: 0.17-0.92), an association that persisted and 
was even accentuated after multivariate adjustment in 
model 3 (OR 0.01, 95%CI: 0.00-0.29). Being unemployed 

or self-employed was significantly associated with PPMC in 
the univariate model, but the association disappeared after 
adjustment. Something similar happened with the presence 
of microvascular complications which despite exhibiting nu-
merically large Odds Ratios, lost significance after multivari-
ate adjustment. We found no association between PPMC and 
educational level, marital status, alcohol consumption, smok-
ing status or depression. 

OR (95%CI)

Model 1 Model 2 Model 3

Diabetes duration

Quartile 1 (<3 years) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Quartile 2 (≥3 and <8 years) 1.58 (0.59 - 4.20) 1.82 (0.67 - 4.94) 1.49 (0.14 – 15.5)

Quartile 3 (≥8 and <13 years) 1.28 (0.47 - 3.53) 1.61 (0.57 - 4.55) 0.66 (0.03 – 13.2)

Quartile 4 (≥13 years) 2.58 (1.04 - 6.39) 3.36 (1.31 - 8.61) 4.43 (0.40 – 48.9)

Age

Quartile 1 (<60 years) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Quartile 2 (≥60 and <67 years) 0.49 (0.22 - 1.09) 0.42 (0.19 - 0.95) 0.09 (0.01 – 1.39)

Quartile 3 (≥67 and <74 years) 0.40 (0.17 - 0.93) 0.35 (0.15 - 0.83) 0.05 (0.00 – 0.83)

Quartile 4 (≥74 years) 0.40 (0.17 - 0.92) 0.32 (0.13 - 0.75) 0.01 (0.00 – 0.29)

Highest educational level

Primary or incomplete secondary 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Complete secondary or higher 1.05 (0.3 - 3.68) 0.89 (0.24 - 3.3) NC*

Marital status 

Not living with stable partner (single, divorced, widowed) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Living with stable partner (married, cohabitation) 1.11 (0.50 - 2.47) 0.92 (0.39 - 2.16) 5.28 (0.74 - 37.48)

Work status 

Employed 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Unemployed or self-employed 0.26 (0.07 - 0.97) 0.28 (0.07 - 1.07) 0.09 (0.00 - 2.12)

Retired 0.47 (0.22 - 0.99) 0.75 (0.28 - 2.02) 1.10 (0.13 - 9.58)

Smoking status

Nonsmoker 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Smoker 1.65 (0.45 - 6.03) 1.89 (0.50 - 7.08) 2.10 (0.01 - 312)

Alcohol consumption

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 0.62 (0.18 - 2.12) 0.62 (0.17 - 2.2) 0.74 (0.05 - 11.9)

Depression or antidepressant use

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.95 (0.84 – 4.53) 2.01 (0.85 – 4.76) 4.48 (0.54 - 37.1)

Microvascular complications

  0 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

1 3.62 (1.94 - 6.75) 3.99 (2.10 - 7.57) 2.09 (0.43 - 10.0)

2 1.25 (0.27 - 5.77) 1.45 (0.31 - 6.80) 0.05 (0.00 - 2.26)

Table 2. Variables associated with persistent poor metabolic control

Model 1: No adjustment for confounders. Model 2: Adjusting for sex and age. Model 3: Mutual adjustment for all predictors. Ref: Reference category.* Noncalculable.
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Factors associated with IPMC 
The first secondary outcome of IPMC happened in 28.4% 

of study participants (133/399). Diabetes duration was as-
sociated with IPMC in model 1 but after full adjustment this 
association was lost. For this negative outcome also, age was 
associated with lower odds: In model 1, the OR of IPMC for 
extreme quartiles of age was 0.38 (95%CI 0.20-0.72), and 
again the association got stronger after complete adjustment 
in model 3 (OR in model: 0.14, 95%CI 0.03-0.66) (table 3). 

Mutual adjustment brought to the surface a strong association 
between depression and IPMC that was not evident in univari-
ate analysis (OR 4.2, 95%CI 1.08-16.4). The presence of two 
microvascular complications was robustly associated with 
IPMC, the OR increasing from 3.7 (95%CI 1.52-9.0) in model 
1 to 5.61 (95%CI 1.03-30.6) in the fully adjusted model. It is 
interesting to note that despite been correlated in the general 
population of patients with DM2, microvascular complications 
and disease duration showed different associations with IPMC.

Table 3. Variables associated with intermittent poor metabolic control. 

Model 1: No adjustment for confounders. Model 2: Adjusting for sex and age. Model 3: Mutual adjustment for all predictors. Ref: Reference category.

OR (95%CI)

Model 1 Model 1 Model 1

Diabetes duration

Quartile 1 (<3 years) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Quartile 2 (≥3 and <8 years) 1.69 (0.80 - 3.60) 2.00 (0.93 - 4.33) 1.50 (0.36 – 6.24)

Quartile 3 (≥8 and <13 years) 4.02 (1.97 - 8.18) 5.29 (2.51 - 11.1) 2.02 (0.51 – 8.06)

Quartile 4 (≥13 years) 3.08 (1.53 - 6.20) 4.02 (1.94 - 8.35) 0.89 (0.22 – 3.68)

Age

Quartile 1 (<60 years) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Quartile 2 (≥60 and <67 years) 0.63 (0.34 - 1.14) 0.63 (0.34 - 1.14) 0.23 (0.06 - 0.97)

Quartile 3 (≥67 and <74 years) 0.54 (0.30 – 1.00) 0.54 (0.3 – 1.00) 0.46 (0.12 - 1.79)

Quartile 4 (≥74 years) 0.38 (0.20 - 0.72) 0.38 (0.20 - 0.72) 0.14 (0.03 - 0.66)

Highest educational level

Primary or incomplete secondary 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Complete secondary or higher 0.80 (0.35 - 1.85) 0.64 (0.26 - 1.57) 1.02 (0.25 - 4.23)

Marital status 

Not living with stable partner (single, divorced, widowed) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Living with stable partner (married, cohabitation) 0.98 (0.56 - 1.71) 0.79 (0.43 - 1.44) 1.32 (0.48 - 3.67)

Work status 

Employed 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Unemployed or self-employed 0.61 (0.26 - 1.42) 0.64 (0.27 - 1.54) 0.59 (0.11 - 3.05)

Retired 0.60 (0.33 - 1.11) 0.96 (0.44 - 2.07) 0.84 (0.24 – 3.00)

Smoking status

Nonsmoker 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Smoker 2.13 (0.77 - 5.88) 2.38 (0.85 - 6.71) 1.23 (0.17 - 8.99)

Alcohol consumption

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 0.74 (0.33 - 1.69) 0.72 (0.30 - 1.69) 1.35 (0.35 - 5.26)

Depression or antidepressant use

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.24 (0.62 – 2.50) 1.30 (0.64 – 2.67) 4.20 (1.08 - 16.4)

Microvascular complications

  0 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

1 2.46 (1.54 - 3.94) 2.66 (1.64 - 4.32) 1.00 (0.38 - 2.61)

2 3.70 (1.52 – 9.00) 4.35 (1.75 - 10.8) 5.61 (1.03 - 30.6)
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Factors associated with good control
Figure 1 shows the proportion of study participants who 

reached each one of the main goals of DM2 treatment through-
out the study follow-up. For some objectives like smoking ces-
sation, success rate was remarkably high (95.5%), the blood 
pressure goal of less than 130/80 mmHg was also frequently 
attained (79%). Concerning glycemic control, the proportion 
of patients who had an average HbA1c of less than 7% (53 
mmol/mol) throughout follow-up was 54.5%.  On the other 
hand, an average LDL cholesterol below 100 mg/dL was only 

achieved by 43.2% of study participants. The proportion of 
patients who reached the “good control” outcome of HbA1c, 
blood pressure and LDL cholesterol at goal was 21.7%. 

We found a strong negative association between an unem-
ployed or self-employed work status (relative to employed) 
and good control. In univariate analysis, the odds of reaching 
good control were 64% lower for unemployed or self-em-
ployed patients, and multivariate adjustment only strength-
ened the association (OR in fully adjusted model: 0.19, 95%CI 
0.04-0.95) (table 4).

OR (95%CI)

Model 1 Model 1 Model 1
Diabetes duration

Quartile 1 (<3 years) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Quartile 2 (≥3 and <8 years) 1.11 (0.58 - 2.13) 1.07 (0.55 - 2.08) 1.47 (0.45 - 4.75)

Quartile 3 (≥8 and <13 years) 0.70 (0.35 - 1.41) 0.66 (0.33 - 1.35) 0.95 (0.29 - 3.11)
Quartile 4 (≥13 years) 0.63 (0.32 - 1.24) 0.58 (0.29 - 1.16) 1.11 (0.31 - 4.05)

Age
Quartile 1 (<60 years) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Quartile 2 (≥60 and <67 years) 1.42 (0.72 - 2.83) 1.45 (0.73 - 2.89) 3.05 (0.75 - 12.3)
Quartile 3 (≥67 and <74 years) 0.97 (0.47 - 1.99) 0.99 (0.48 - 2.03) 1.21 (0.32 - 4.62)

Quartile 4 (≥74 years) 1.20 (0.60 - 2.42) 1.21 (0.60 - 2.43) 1.41 (0.36 - 5.43)
Highest educational level

Primary or incomplete secondary 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Complete secondary or higher 0.98 (0.40 - 2.4) 0.91 (0.36 - 2.30) 0.73 (0.21 - 2.55)

Marital status 
Not living with stable partner (single, divorced, widowed) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Living with stable partner (married, cohabitation) 0.87 (0.48 - 1.57) 0.82 (0.44 - 1.53) 0.59 (0.24 - 1.47)
Work status 

Employed 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Unemployed or self-employed 0.36 (0.13 – 1.00) 0.29 (0.10 - 0.84) 0.19 (0.04 - 0.95)

Retired 0.57 (0.30 - 1.09) 0.42 (0.19 - 0.96) 0.41 (0.12 - 1.34)
Smoking status

Nonsmoker 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Smoker 0.51 (0.11 - 2.30) 0.49 (0.11 - 2.20) 1.04 (0.08 - 13.7)

Alcohol consumption
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Yes 1.30 (0.58 - 2.9) 1.21 (0.53 - 2.79) 1.18 (0.34 - 4.06)

Depression or antidepressant use
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Yes 0.90 (0.40 – 2.04) 0.93 (0.41 – 2.11) 0.66 (0.14 - 3.04)

Microvascular complications
  0 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

1 0.69 (0.40 - 1.20) 0.68 (0.39 - 1.18) 1.19 (0.48 - 2.95)
2 0.52 (0.15 - 1.81) 0.48 (0.13 - 1.69) 0.50 (0.05 - 5.12)

Table 4. Variables associated with simultaneous achievement of the main DM2 treatment goals: HbA1c<7% 
(53 mmol/mol), LDL cholesterol <100 mg/dL and blood pressure <130/80 mmHg. 

Model 1: No adjustment for confounders. Model 2: Adjusting for sex and age. Model 3: Mutual adjustment for all predictors. Ref: Reference category.
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Discussion
This study revealed relevant factors associated with desir-

able and undesirable patterns of goal attainment in diabetes 
therapy. Surprisingly, the most significant factors were not re-
lated to medical therapy or even socio-economic status, but to 
conditions that hinder or complicate diabetes self-management.

Factors associated with PPMC 
One of the factors most strongly associated with the sus-

tained impossibility of reaching the HbA1c goal was age, but in 
a direction contrary to expectation: Older age was associated 
with lower odds of PPMC. Several hypothesis might explain this 
surprising finding, one of them the availability of more time for 
self-care and diabetes management, or to do leisure-time physi-
cal activity. This could certainly be true in a sample with a rela-
tively high educational level, which allows them to have good 
self-care practices(19). Nevertheless, previous studies have re-
ported an increased risk of chronic complications among older 
patients with DM2, even despite reaching treatment goals(20). It 
was equally unexpected not to find an association between dia-
betes duration and PPMC, which suggests that the quality and 
intensity of disease management are more important determi-
nants of goal achievement than the natural history of DM2. 

Factors associated with IPMC 
Intermittent poor metabolic control was much more 

frequent than PPMC, as clinical experience frequently dem-
onstrates.  Age was also associated with lower odds of the 
outcome, perhaps for the same set of reasons as for PPMC. 
Nonetheless, something that only became evident for this 
outcome was a marked and independent positive association 
with depression. First, this finding highlights the importance 
of trying to measure and adjust for most relevant potential 
determinants of a multifactorial outcome such as diabetes 
control: The association was completely obscured in univari-

ate analysis but surfaced after adjustment for 
multiple confounders plausibly related to both 
depression and PPMC. Several studies have 
documented the deleterious impact of depres-
sion on goal achievement by patients with DM2 
across different age groups (21-23).  Depression in 
patients with diabetes is associated with poor 
adherence to lifestyle changes(24) and phar-
macological therapy(25) and self-monitoring of 
blood glucose(26). In addition, it has also been 
demonstrated that collaborative management 
of depression among Latino patients with 
diabetes leads to lower severity of depressive 
symptoms, as well as increased remission rates 
from depression(27).

Our finding emphasizes the need to: I. In-
volve mental health professionals in DM2 man-

agement teams, ii. Create among general practitioners and 
diabetes/endocrinology specialists a culture of screening for, 
diagnosing, referring and treating depression in patients with 
DM2. In the long term such small policies have the potential 
to impact rates of sustained glycemic control, and ultimately 
chronic complications, quality of life, life expectancy and 
healthcare costs.

The presence of 2 or more microvascular complications 
was also associated with IPMC. Here we cannot exclude a re-
verse causation phenomenon, whereby long-standing high 
glycemic levels are responsible for the appearance of the com-
plications and not the other way around. Still, it is conceivable 
that a vicious circle may develop in which poor glycemic con-
trol promotes complications, which then interfere with adher-
ence or complicate treatment leading to bad metabolic control 
and further advancement of complications. The call is then, 
one for opportune intervention before complications make 
control progressively more difficult.

Factors associated with good control
It is also important to identify factors that may predict 

treatment success, particularly the achievement of all main 
treatment goals at the same time. It was somewhat disap-
pointing to discover that none of the explored predictors was 
associated with good control, but the identification of the fac-
tors impeding such good control may prove equally useful. 
The only factor significantly associated with lower chances of 
good control was to be unemployed or self-employed. In other 
words, to lack a steady and reliable source of income such as a 
salary or pension. This may be related to erratic access to ap-
pointments, medications and procedures, or it may also be an 
effect of closely related factors such as distress and psychoso-
cial instability derived from an unstable job situation. The en-
during challenge of goal achievement in DM2 is not exclusive 
of our countries, several industrialized nations have also doc-

Figure 1. Proportion of study participants reaching each of the main 
goals of diabetes treatment during follow-up.
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umented unsatisfactory levels of goal achievement(13-15,28-30). 
Even in countries like Spain, where the health system provides 
universal coverage, the percent of DM2 reaching goals is evi-
dently low (71% for HbA1c, 22% for blood pressure, 36% for 
LDL cholesterol)(28). In addition to the obvious benefits to the 
patient, goal achievement and maintenance translates into 
substantial long-term savings in healthcare associated expen-
diture. Better controlled patients not only live longer and bet-
ter, they are less expensive for the healthcare system and for 
society as a whole(31).

In summary, we found the main factors associated with 
DM2 treatment success or failure to be related to patient de-
mography (age), comorbidities (depression, microvascular 
complications) and work status, but not to the type or num-

ber of medications employed. Our results suggest that in en-
vironments like ours availability of more and better diabetes 
drugs will not necessarily address the main factors limiting 
good control and goal achievement in diabetes. Instead, efforts 
should be focused on the conformation and maturation of mul-
tidisciplinary diabetes teams, on devising strategies for the 
opportune detection and management of depression among 
patients with DM2 and on the development of strategies to fa-
cilitate adherence to lifestyle and drug management of DM2 
among patients who already bear multiple complications. 
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