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Abstract
Background: Achieving an optimal glycemic control has been described to reduce the incidence of diabetes
mellitus (DM) related complications. The association between comorbidities and glycemic control remains
unclear. Our aim is to evaluate the effect of comorbidities on glycemic control in people with DM.

Methods: A retrospective longitudinal study on data from the National Registry of Chronic Kidney Disease from
2014 to 2019 in Colombia. The outcome was poor glycemic control (PGC = HbA1c ≥7.0%). The association
between each comorbidity (hypertension (HTN), chronic kidney disease (CKD) or obesity) and PGC was
evaluated through multivariate mixed effects logistic regression models. The measures of effect were odds
ratios (OR) and their 95% con�dence intervals (CI). We also evaluated statistical interaction between each
comorbidity and ethnicity.

Results: From 969,531 people at baseline, 85% had at least one comorbidity; they were older and mostly female.
In people with DM and CKD, the odds of having a PGC were 78% (OR: 1.78, CI 95%: 1.55-2.05) higher than those
without CKD. Same pattern was observed in obese for whom the odds were 52% (OR: 1.52, CI 95%: 1.31-1.75)
higher than in non-obese. Non-signi�cant association was found between HTN and PGC. The association of
interest was statistically modi�ed by ethnicity (afro descendant).

Conclusions: Prevalence of comorbidities was high in adults with DM. Patients with concomitant CKD or obesity
had signi�cantly higher odds of having a PGC. 

1. Background
Diabetes Mellitus (DM) prevalence is increasing worldwide[1]. The International Diabetes Federation estimated
that 9.3% (463 million people) of the global adult population had DM in 2019; with an unsettling projection of
10.2% (578 million people) and 10.9% (700 million people) for 2030 and 2045, respectively [1]. The same
phenomenon was true for the South and Central American region; with a prevalence up to 8.5% (31.6 million
people) and a prediction up to 9.9% (49.1 million people) in 2045 [1]. The aforementioned region includes
Colombia, a country where DM prevalence ranges from 1.8–11.2% depending on the source of data [2]. This is
alarming given the effects DM has on morbidity and the sustainability of health systems [3].

Achieving an optimal glycemic control has been described to decrease the incidence of DM related
complications[4–7]. As for microvascular complications, in a recent meta-analysis a more rigorous control was
found to reduce the relative risk by 20% and 13% for kidney and eye outcomes, respectively [5]. On the other
hand, an effect on macrovascular complications was also described with a reduction in cardiovascular events
when intensive glycemic control is employed [6, 7]. In spite of this, only few patients reach the established target;
a meta-analysis described that approximately 36% of patients in randomized control trials and 34% in cross-
sectional studies achieved the hemoglobin A1c (HbA1c) target (≤ 7.0% or < 7.0%, respectively) [8].

Different sociodemographic and clinical factors appear to be associated with glycemic control. Regarding age
and gender, female and younger patients were more commonly associated with poor control[9].Taking into
account race and ethnicity, studies have demonstrated signi�cant differences between ethnic groups in
achieving glycemic target[10, 11]. An additional determinant of inadequate glycemic control is a longer time
since the diagnosis of DM[9, 12].
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Comorbid conditions, mainly hypertension (HTN), obesity, hyperlipidemia, chronic kidney disease (CKD) and
cardiovascular disease, are common in patients with DM [13]. Studies evaluating the relationship between the
presence of comorbidities and glycemic control have showed contradictory �ndings depending on the analysis.
When the total number of comorbidities was used, studies have found no relationship [14] or an inverse
relationship[15] between comorbidities and HbA1c. Research using comorbidity scores also established no
relationship with HbA1c levels [16]. Whereas in a study evaluating speci�c comorbidities, subjects with HTN and
dyslipidemia were found to have lower odds of achieving glycemic target while no signi�cant association was
observed with CKD[17]. Lastly, DM patients with overweight or obesity were more commonly associated with
poor glycemic levels [18].

There are not many studies in Latin America evaluating the different factors, especially comorbidities, that can
in�uence on glycemic control. Therefore, our aim was to assess the longitudinal association between the
presence of comorbidities (HTN, CKD and obesity) and glycemic control among Colombian adults diagnosed
with DM from 2014 to 2019.

2. Methods
2.1 Data sources

We conducted a retrospective longitudinal analysis on data of people diagnosed with DM who were reported by
health insurers and providers to the National Registry of Chronic Kidney Disease (NRCKD) from July 1st, 2013 to
June 30th, 2019 in Colombia. The NRCKD is managed by the High-Cost Diseases Fund (“Cuenta de Alto Costo” in
Spanish). It has been operating since 2008 by a resolution from the Ministry of Health of Colombia[19]. The
NRCKD aims to evaluate the burden of CKD and its most common precursors (HTN and DM) as well as the
effective access to health services related to prevention, diagnosis and control across the country.

The NRCKD is an administrative and passive registry with a national scope because approximately 98% of the
population is a�liated to the national healthcare system [20], and their insurers are required to report patients
with HTN, DM or CKD to the registry [19]. A unique identi�cation number is assigned to each individual protecting
their personal information and allowing future follow up. When a new case enters the NRCKD, a complete
registration is done; for old cases, data are updated every year.

The NRCKD undergoes a data auditing process to ensure the veracity of the information. The �rst step involves
the use of an algorithm to identify mistakes in the reporting process. After this, an experienced team compares
the reported information with health clinical records by a well-stablished data monitoring process in a
representative strati�ed sample of cases with HTN and/or DM, with or without CKD. In case of any inconsistency
is identi�ed, the real data on clinical records is captured.

2.2 Eligibility of participants 

A total of 1,081,863 people aged 18 years or more, diagnosed with DM were reported to the NRCKD from 2014 to
2019. 112,332 were excluded because they had no information available on the measurement of HbA1c. Indeed,
969,531 people met the inclusion criteria and were analyzed. Figure 1 shows the eligibility �ow of the population
studied.
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2.3 Exposure and outcome variables

The presence of comorbidities (HTN, CKD, obesity), reported by health insurers to the NRCKD was considered as
the exposure of interest. HTN diagnosis was de�ned as its presence or absence, based on clinical judgement
according to international guidelines. CKD was categorized as follows: yes/no/undetermined/not studied for
CKD during the reporting period. People classi�ed as undetermined were those with early kidney impairment that
require evidence of functional or structural injury for more than three months. Lastly, obesity was determined
using the World Health Organization de�nition (body mass index [BMI] ≥30 kg/m2) [21]. Exhaustiveness and
accuracy of exposures were veri�ed in clinical records by a well-established data monitoring process.

A poor glycemic control (PGC) was the dependent variable. It was de�ned by the measurement of HbA1c,
reported during the last six months of each follow up period. PGC was treated as a dichotomous variable for
each point in time using the cutoff of HbA1c ≥ 7.0%, according to the standard de�ned by the American
Diabetes Association [22].

2.4 Covariates

Demographic information included age, gender, health insurance (third payer, state insurance, special insurance,
exception insurance or uninsured), and region of residence following the Administrative Department for National
Statistics (“Departamento Administrativo Nacional de Estadística” in Spanish) classi�cation (Bogotá D.C.,
Central, Eastern, Paci�c, Caribbean and Amazonian) [23]. Ethnicity was self-reported and classi�ed in indigenous,
afro descendant and other (white, mestizo, gypsy or not classi�ed). In respect of clinical data, age at diagnosis
of DM and comorbidities were included. Reported information on weight (kg) and height (meters) was used to
calculate BMI (kg/m2). Otherwise, glomerular �ltration rate (GFR) was estimated using the CKD-EPI method and
expressed as mL/min/1.73m2 [24]. On the other hand, CKD stages were de�ned based on the GFR as follows: 1:
GFR >90 with clinical evidence of kidney damage; 2: GFR: 60-90 with clinical evidence of kidney damage; 3: GFR:
30-60, 4: GFR 15-30, 5: GFR: <15 [25]. Lastly, DM duration was calculated using the date of last contact (last
HbA1C test) and the date of diagnosis and informed in years.

2.5 Statistical analysis

Baseline demographic and clinical characteristics of the cohort are presented as means or medians and their
standard deviation (SD) or interquartile range (IQR), according to their distribution, evaluated by statistical and
graphical methods. Otherwise, qualitative data is informed as absolute values (proportions). Baseline
characteristics were compared across comorbidities (HTN, CKD and obesity) by using a X2 test for categorical
data and Wilcoxon test was used for numeric variables. We also calculated absolute standardized differences
(ASD) between groups of comorbidities to avoid limitations of hypothesis tests taking into account the effect of
the sample size. In the case of continuous variables with skewed distribution, rank statistics were used instead
the mean [26]. ASD >10% were considered signi�cant.

Furthermore, the trend of variation on HbA1c levels during the follow-up for patients with different baseline
comorbidity pro�les was evaluated by estimating generalized linear mixed models assuming random intercepts
for each participant. An interaction term between HbA1c levels and time was included to take into account
variations over time. From each model, the predicted Hb1Ac values were plotted over time according to each
comorbidity.
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The association of interest was estimated using a mixed effects logistic regression model with aleatory intercept,
which modelates the odds of PGC for each point in time, taking into account the effect of repeated measures
and considering the parameters related to the intercept differentially between each participant, but with a
constant slope. The �nal model for each comorbidity was adjusted by age, gender, ethnicity, health insurance,
duration of diabetes. In case of HTN and CKD we also included the BMI (time variant) as a confounder in the
�nal models. Effect measures were the odds ratios and their 95% con�dence intervals. Furthermore, the
interaction between each comorbidity and intermediate variables such us ethnicity was explored by the inclusion
of a multiplicative term in the �nal models. p values <0.05 (two-tailed) were considered statistically signi�cant,
except for the effect modi�cation model (p-value <0.20). Trend and association models were estimated using a
case complete approach including people with 6-year HbA1c measurement (n= 107,091). All statistical analyses
were performed in Stata version 13 (StataCorp LP, College Station, Texas, USA) and graphs were created in R
version 4.0.2.

2.6 Sensitivity analysis

We performed sensitivity analysis including a BMI ≥25 kg/m2 instead of ≥30 kg/m2 as the exposition to verify
the consistency of the association obtained in the main model. Furthermore, we evaluated the association in
people with CKD by using a different cut off to de�ne the outcome (HbA1c ≥ 8.0%).

3. Results

3.1 Demographic and clinical characteristics at baseline
969,531 people were analyzed. Mean age at baseline was 61.4 years (SD 13.2), 58.1% were female and 75.1%
had third payer insurance. Most people (29.5%) lived in the Central region, followed by Bogotá D.C. (20.3%).
Around 96.0% were self-recognized as “other” ethnicity and 3.5% were afro descendant. Mean age at DM
diagnosis was 59.2 years (SD 13.0) and median of DM duration was 2.76 years (IQR 1.0–6.0). Prevalence of
HTN, CKD and obesity were 71.5%, 30.6% and 35.2%, respectively. Majority of the people with CKD were
classi�ed in stage 2 (44.0%) and 3 (28.8%).

Table 1 shows a characterization by comorbidities. Only 14.9% did not have an associated comorbidity at
baseline. Prevalence of comorbidities was higher in women. People with comorbidities were older, except for
those with obesity. Age at DM diagnosis was also higher in people with comorbidities. ASD were signi�cant for
DM duration in all groups, except for the obese. When comparing the prevalence of obesity by comorbidities, it
was also higher in people with HTN and CKD.

3.2 Trends of longitudinal variation on HbA1c by comorbidities
After a 6-year follow up, people with DM and HTN or CKD had a better glycemic control (lower HbA1c levels) than
those with obesity. In both DM subjects with HTN or CKD, HbA1c levels were lower in those who had the
condition. These �ndings were contrary to the obese/not obese subjects, where we found higher HbA1c levels
when obesity was present. A higher gap in the HbA1c levels between the presence or not of comorbidities was
observed in people with DM and HTN/no HTN than in the other groups. When estimating the longitudinal
variation on HbA1c when changing the cut-off from BMI≥ 30 kg/m2 to 25 kg/m2, the trend was opposite to the
observed in obese, with a better glycemic control in those with a BMI ≥ 25 kg/m2.
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3.3 Longitudinal association between comorbidities and
glycemic control
The mean number of HbA1c measurements was 3.18 (SD 1.7). Only 11.0% of the patients had 6-year HbA1c
measurements and were included in the �nal models. Global prevalence of PGC was 52.7% (95% CI: 52.6 a 52.8).
When analyzing the effect of comorbidities on PGC (HbA1c ≥7.0), we observed a non-signi�cant direct
association between HTN and a PGC in all models, except for the multivariable model that included BMI as a
random variable which showed a non-signi�cant inverse association (Table 2). Nevertheless, CKD and obesity
were signi�cant and directly associated with PGC in all models. In subjects with DM and CKD, the odds of having
a PGC were 78.0% (OR: 1.78, CI 95%: 1.55–2.05) higher than those without CKD. We also observed a strong direct
association among people with DM and obesity, in whom the odds were 52.0% (OR: 1.52, CI 95%: 1.31–1.75)
higher than in non-obese. (Table 2)

Table 2
Multivariate-adjusted odds of poor glycemic control by comorbidities in Colombian adults with diabetes mellitus,

2014–2019
Model Hypertension Chronic kidney disease Obesity

OR 95% CI p-
value

OR 95% CI p-
value

OR 95%
CI

p-
value

Age adjusted 1.08 0.91–
1.28

0.36 1.76 1.54–
2.02

< 
0.01

1.49 1.30–
1.71

< 
0.01

Multivariable 1 1 (Fixed
BMI)

1.08 0.91–
1.28

0.36 1.75 1.53–
2.00

< 
0.01

1.46 1.27–
1.68

< 
0.01

Multivariable 1 2 (Time
variant BMI)

0.98 0.83–
1.16

0.84 1.87 1.64–
2.14

< 
0.01

NA NA NA

Multivariable 2 3 (Fixed
BMI)

1.04 0.87–
1.24

0.66 1.67 1.45–
1.93

< 
0.01

1.52 1.31–
1.75

< 
0.01

Multivariable 2 4 (Time
variant BMI)

0.94 0.78–
1.13

0.53 1.78 1.55–
2.05

< 
0.01

NA NA NA

1 Adjusted for age (continuous), gender (men vs women) and body mass index (continuous and �xed).

2 Adjusted for age (continuous), gender (men vs women) and body mass index (continuous and time variant).

3 Adjusted for age (continuous), gender (men vs women), body mass index (continuous and �xed), ethnicity
(indigenous or afro descendant vs. other), health insurance (state insurance or uninsured vs. third payer) and
diabetes duration (continuous).

4 Adjusted for age (continuous), gender (men vs women), body mass index (continuous and time variant),
ethnicity (indigenous or afro descendant vs. other), health insurance (state insurance or uninsured vs. third
payer) and diabetes duration (continuous).

Abbreviations: OR: odds ratio, CI: con�dence interval, BMI: body mass index
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When evaluating the interaction between comorbidity and ethnicity, we only identi�ed a statistically signi�cant
interaction between each comorbidity and afro-descendants (all p-values were < 0.01). Predictive probabilities of
having a PGC were signi�cantly lower in afro-descendant with HTN compared with afro descendant without
HTN. Otherwise, an inverse effect was found in afro descendant with CKD who had a signi�cantly higher
probability of a PGC. Afro descendant with obesity, had a lower probability of a PGC, following the same pattern
observed with HTN, however, the effect was not signi�cant (Fig. 2).

3.4 Sensitivity analysis
The associations of interest were consistent with the main models (Additional File 1: Table S1). When analyzing
the effect of a BMI ≥ 25 kg/m2 on the outcome, we observed the same direction and signi�cance but a lower
magnitude in respect of the �nal model including obesity (OR: 1.26, CI 95%: 1.06–1.49). Similarly, direction and
statistical signi�cance remained, although the magnitude decreased when the cut-off point of HbA1c was
slightly higher to de�ne the PGC (OR: 1.30, CI 95%: 1.11–1.52).

4. Discussion
This study evaluated the effect that common diabetes associated comorbidities (CKD, HTN and obesity) have on
glycemic control among a Colombian adult population with DM. Longitudinal, non-adjusted trend of HbA1c over
time showed a better glycemic control in people with HTN, CKD and non-obese. However, when estimating
multivariate models, an inverse effect was found, and people with diabetes and CKD or obesity had signi�cantly
higher odds of having a PGC compared to those without the comorbidities. Whereas a non-signi�cant
association was found between HTN and a PGC.

Our study showed that CKD was associated with 78% increased odds of having a PGC. Taking into account that
a less strict goal may be recommended in patients with DM and advanced comorbid diseases [22, 27], we
conducted a sensitivity analysis with a less strict threshold (PGC as HbA1c ≥8.0%). Even with this �exible target,
the �ndings were consistent. Patients with DM and CKD had an increase likelihood of PGC when compared to
those without CKD even with a less stringent goal. In addition to this, when evaluating the interaction between
CKD and ethnicity, we found that afro descendants with DM and CKD also had an increased probability of PGC
compared to those without CKD. Our overall �ndings are consistent to those found by De Cosmo et al. where
CKD (de�ned as low GFR, high albuminuria or both) was associated with a lower probability of achieving the
HbA1c target established in a large Italian population with DM [28]. However, others have reported that people
with DM and CKD had lower odds of having suboptimal glycemic control[29].

It is important to note that despite some limitations that are beyond the scope of this article, HbA1c is still
considered the standard for glycemic follow-up in patients with CKD[27, 30] thus giving relevance to our results.
These �ndings should increase the concern of clinicians taking care of patients with kidney dysfunction given
the consequences of a PGC have on DM patients with CKD. A meta-analysis of patients with DM treated with
hemodialysis described an increased risk of mortality in people with HbA1c ≥8.5% when compared to lower
levels (6.5–7.4%) [31]. Also, Kuo et al. observed that HbA1c levels > 9% were associated with an increased risk of
end stage renal disease and mortality in patients with diabetes and CKD stages 3–4 [32]

Similar to the CKD effect on PGC, we observed that obese people were 52% more likely to have a PGC than those
without obesity. When a lower threshold was used (≥25 kg/m2), the results followed a similar trend, but
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magnitude decreased to 26%. Together, these results indicate that an elevated BMI increases the risk of PGC in
patients with DM. Similar conclusions have been described in previous studies [29, 33]. A cross sectional study in
Iranian population with diabetes found an association between obesity and poor glycemic control [33].
Furthermore, Bae et al. describe an increased probability of suboptimal glycemic control when overweight or
obesity was present in patients with DM in the USA [29]. Nevertheless, Chetoui et al. did not found an association
between overweight/obesity and poor glycemic control in a Moroccan population with type 2 DM [12]. In a
therapeutically point of view, Gummesson et al. stated that weight reduction in overweight and obese patients
with type 2 DM is consistently followed by a reduction on HbA1c levels [34].

Some authors have described the presence of HTN as a predictor of poor glycemic control [17, 33]. However, we
did not �nd a signi�cant association between HTN and PGC. Our results are consistent with those of Badedi et
al. describing no association between HTN and HbA1c [35]. Though, this was different when evaluating the
interaction between ethnicity and HTN. We found that afro descendant with DM and HTN had a lower predictive
probability of PGC than those without HTN; other ethnicities did not have a signi�cant association. Various
authors have described an association between ethnicity and glycemic control [10, 11]. A cross sectional study in
the USA, found that non-Hispanic blacks and Mexican Americans when compared to non-Hispanic whites had
lower odds of adequate glycemic control [11]. Additionally, the same study described that the proportion of
patients with three comorbidities (HTN, Hyperlipidemia and obesity) achieving glycemic control (HbA1c < 7.0%)
changed according to their ethnicity: 22.8%, 11.4% and 0% of non-Hispanic whites, non-Hispanic blacks and
Mexican Americans, respectively [11].

This study has important strengths. First of all, this report re�ects a national scope since data come from the
largest registry of people with CKD in the country. By including people with different comorbidities, our results are
representative of the Colombian population with DM who receive services within the framework of the health
system. Furthermore, a longitudinal approach was used and the effect of repeated measures during the follow
up was considered in the �nal models. This differs from the commonly used cross sectional analysis in studies
evaluating factors in�uencing glycemic control. On the other hand, the use of HbA1c has been well described to
evaluate long term glycemic control and because we only studied people with a new DM diagnosis, changes in
glycemic control over time are meaningful for decision making process at a clinical and organizational level.

Some limitations should be considered when interpreting our �ndings. There is a clear effect of medication and
non-pharmacological treatment on prospective glycemic control. Nonetheless, we were unable to adjust for
treatment because these data were unavailable so residual confusion cannot be ruled out. Moreover, the NRCKD
is a passive registry and reporting process is performed by health care insurers; this can lead to underreporting
and despite it is minimal, it must be declared. Linked to the above, data on variables are likely subjected to
measurement error. Nevertheless, its impact was limited through the data monitoring process. In any case this
error would be non-differential and effect estimations tend to the null.

5. Conclusions
In this adult population with DM, patients with concomitant CKD or obesity had an increased likelihood of PGC.
This supports the importance of weight reduction in diabetes treatment; as well as the increased surveillance and
treatment needed in the CKD population. Our �ndings are based on data from real-world clinical practice thus
they should be helpful for public health entities in decision making process. The strategies should be directed in
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improving access to healthcare, surveillance and treatment in these patients given the detrimental effects of
PGC. Whether the presence of HTN modi�es the probability of developing a PGC could not be clari�ed in this
study; this effect was only modi�ed in afro descendant ethnicity where HTN decreased the odds of a PGC.
Further studies evaluating the effect that pharmacological and lifestyle interventions could have in the
association of interest are needed.

Abbreviations
ASD: Absolute Standard Differences, BMI: Body Mass Index, CKD: Chronic Kidney Disease, CKD-EPI: Chronic
Kidney Disease Epidemiology Collaboration, DM: Diabetes Mellitus, GFR: Glomerular Filtration Rate, HbA1c:
Hemoglobin A1c, HTN: hypertension, IQR: Interquartile range, NRCKD: National Registry of Chronic Kidney
Disease, PGC: Poor Glycemic Control SD: Standard deviation
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Figure 1

Eligibility �ow of studied population from the National Registry of Chronic Kidney Disease, Colombia 2014-2019
Abbreviations: DM: diabetes mellitus, NRCKD: National Registry of Chronic Kidney Disease, HbA1c: glycated
hemoglobin.

Figure 2

Predicted probabilities of poor glycemic control according to comorbidities and ethnicity, Colombia 2014-2019.
Figure 2 shows the predicted probabilities of poor glycemic control according to the presence of comorbidities
and ethnicity estimated in a multivariate model adjusted by for age, gender, BMI (only for HTN and CKD), health
insurance and diabetes duration. Predicted probabilities of poor glycemic control were signi�cantly lower in afro
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descendant with HTN (�gure 2a). An opposite association was found in afro descendant with CKD (�gure 2b). In
afro descendant with obesity, the association was similar to those with HTN although it was not statistically
signi�cant (�gure 2c). Abbreviations: HTN: hypertension, CKD: chronic kidney disease, HbA1c: glycated
hemoglobin, BMI: body mass index.
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