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Abstract
Background Although important achievements have been done in type 2 diabetes mellitus (T2D) treatment and glycemic control, new strategies may take
advantage of non-pharmacological approaches and of other potential determinants of health (e.g., socioeconomic status, education, diabetes knowledge,
physical activity, and self-care behavior). However, the relationships between these factors are not totally clear and have not been studied in the context of
large urban settings. This study aimed to explore the relationship between these determinants of glycemic control (GC) in a low-income urban population from
Mexico City, focused in exploring potential the mediation of self-care behaviors in the association between diabetes knowledge and GC.

Methods A multicenter cross-sectional study was conducted in patients with type 2 diabetes (T2D) from 28 primary care outpatient centers located in Mexico
City. Using multivariable-adjusted models, we determined the associations between diabetes knowledge, self-care behaviors, and GC. The mediation analyses
to determine the pathways on glycemic control were done  using linear regression models, where the signi�cance of indirect effects was calculated with
bootstrapping.

Results The population (N=513) had a mean age of 53.8 years (standard deviation: 11.3 yrs.), and 65.9% were women. Both socioeconomic status and level of
education were directly associated with diabetes knowledge. Using multivariable-adjusted linear models, we found that diabetes knowledge was associated
with GC (β: -0.102, 95% Con�dence Interval [95% CI] -0.189, -0.014). Diabetes knowledge was also independently associated with self-care behavior (for
physical activity: β: 0.181, 95% CI 0.088, 0.273), and self-care behavior was associated with GC (for physical activity: β: -0.112, 95% CI -0.194, -0.029). The
association between diabetes knowledge and GC was not observed after adjustment for self-care behaviors, especially physical activity (β: -0.084, 95% CI
-0.182, 0.014, p-value: 0.062). Finally, the mediation models showed that the effect of diabetes knowledge on GC was 17% independently mediated by physical
activity (p-value: 0.049).

Conclusions Socioeconomic and educational gradients in�uence diabetes knowledge among primary care patients with type 2 diabetes. Self-care activities,
particularly physical activity, mediated the effect of diabetes knowledge on GC. Our results indicate that diabetes knowledge should be reinforced in low-
income T2D patients, with an emphasis on the bene�ts physical activity has on improving GC.

1. Background
Diabetes is a major worldwide cause of death and disability. It is estimated that diabetes  affects 451 million adults, mainly in low- and middle-income
countries (LMICs) [1, 2]. Diabetes also has a considerable �nancial impact on patients and health care systems [3, 4].

The document Healthy People 2020 from the United States government has emphasized the importance of social and environmental factors that affect
individuals and their health. The goal is to “reduce the disease and economic burden of diabetes mellitus and improve the quality of life for all persons who
have, or are at risk for, diabetes” [5]. Historically, research and the resulting clinical approaches focusing on the individual, including pharmacological
treatments, have led to improvements in self-management outcomes and reduction of cardiovascular risk factors. Despite signi�cant advances in treatment,
inadequate disease control persists [6]. However, researchers have more recently recognized the need to consider factors external to the individual, namely,
social determinants of diabetes, to achieve the goal of sustainable improvement in health outcomes [7].

Although important achievements have been done in type 2 diabetes mellitus (T2D) treatment and glycemic control, new strategies may take advantage of
non-pharmacological approaches and of other potential determinants of health. It is suggested that urban areas of LMICs, where the burden of disease is
particularly high, need further research on this topic [8, 9]. For example, diabetes self-care activities are behaviors undertaken by T2D patients and contribute to
successful self-management [10]. These self-care behaviors positively correlate with good glycemic control, reduction of complications, and improvement in
the quality of life [11, 12].

According to the American Diabetes Association, the annual cost of diagnosed diabetes in America reach $327 billion, derived from more than 34 million
people affected by T2D [13]. It is known that around 55% of the population lives in urban settings [14],  where the burden of the disease is particularly high
[15]. Only in Mexico, the prevalence of T2D in adults for 2019 reached 14% in the general population. In 2018, T2D caused 101,257 deaths in the country,
making it the second leading cause of death after cardiovascular diseases [16]. There is consensus around the idea that the treatment ofT2D demands
changes in the model of care [17]. New therapeutic approaches suggested includes quick access to medical care, health education, motivation to carry on self-
care [18-20]. The latter, in turn, demands a narrowing of the information gap between providers of care and patients [21, 22]. Evidence from several sources
has shown that multidisciplinary and educational interventions yield favorable results in the control of different T2D biomarkers, improving glycemic control,
compared with traditional approaches. However, this evidence derives mostly from studies in the United States and Europe, and very little is known about what
is happening in low- and middle-income countries. T2D is a condition where non-pharmacological interventions on social and other determinants of health
may improve health outcomes and reduce the staggering economic burden, which may derive enormous bene�ts in developing countries and urban areas.
However, few studies have evaluated the complex interactions between social and other determinants of health in low- and middle-income countries (LMICs).
Unentangling these interactions may help to focus the available resources on those more relevant factors and deriving in cost-e�cient strategies.

The relationship between diabetes knowledge and health outcomes has been inconsistently reported [23-27]. However, few studies have shown the
relationship between diabetes knowledge, self-care behaviors, and clinical outcomes in low-income urban populations, where diabetes knowledge could be
even more inadequate. Therefore, using mediation analyses, this study aimed to explore the determinants of glycemic control (GC), particularly the mediation
of self-care behaviors in the association between diabetes knowledge and glycemic control among T2D patients and low SES from Mexico City.



Page 3/11

2. Methods
2.1 Design and population

A multicenter cross-sectional study was conducted in T2D patients from 28 primary outpatient centers located in urban areas of Mexico City. The patients
were bene�ciaries of Seguro Popular (public health insurance, now INSABI). Consecutive patients were invited from January 2017 to May 2018 to participate
to the study through an open letter, offering free access to the program and medications. Because of the bene�ts in terms of high-quality medical care and
guarantee of providing T2D treatment, the rates of acceptance were very high (95.0%). T2D patients who agreed to participate were referred to an outpatient
diabetes center located in Iztapalapa, a municipality of Mexico City to complete an assessment. This study was registered in ClinicalTrials.gov (Identi�er:
NCT04245267).

2.2 Clinical, laboratory, socio-economic, diabetes knowledge and self-care activities assessments

The data related to demographic characteristics, current treatment, time since diagnosis, comorbidities, and physical medical examination were collected from
medical records and con�rmed during medical interviews. Clinical and demographic data was collected based on general information that is detailed in Table
1. Clinical evaluation was done according to specialized exploration for T2D patients [28]. Data was collected by endocrinologists in a pre-designed and
secured electronic form during the �rst interview. Endocrinologists also carried out the �rst clinical examination after acceptance of participation in the study.
The biochemical data, including glycated hemoglobin (HbA1c) as a measure of glycemic control, were collected from the last blood tests done two weeks
before the study. To determine the presence of diabetes-related microvascular complications, standardized criteria from international clinical practice
guidelines [29] were implemented, such as fundoscopy with mydriatic camera for retinopathy assessment, increased urine albumin/creatinine ratio or
decreased estimated glomerular �ltration rate for diabetic kidney disease assessment, and abnormal sensitive and vibratory perception for distal diabetic
neuropathy assessment [29, 30].
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Table 1. Sociodemographic and clinical characteristics in low-income patients with type 2 diabetes mellitus in Mexico City by sex (340 females,
and 173 males, N=513). 

 

Continuous variables   All   Male   Female p-value  

  Mean SD   Mean SD   Mean SD
 

Age, yrs  53.8 11.32  52.65 11.76  54.33 11.10 0.123
 

Body mass index, kg/m2  29.6 7.11  28.00 5.91  30.38 7.54 0.003
 

Years of disease  12.3 8.75  11.75 8.38  12.52 8.95 0.342
 

Socioeconomic status (score)*  80.4 40.51  85.23 40.73  77.81 40.44 0.052
 

Diabetes knowledge (SKILL-D Score)  3.06 2.37  3.42 2.49  2.90 2.29 0.021
 

Self-care behavior           
 

 Diet           

  Specific  2.90 1.85  2.81 1.77  2.94 1.91 0.452

  Global  2.36 2.09  2.37 2.15  2.38 2.08 0.970

  Total  2.63 1.68  2.59 1.67  2.66 1.70 0.666

 Physical activity, days a week  1.85 2.31  1.88 2.20  1.83 2.38 0.819

 Blood sugar testing, days a week  1.70 2.28  1.67 2.20  1.71 2.32 0.876

 Foot care, days a week  3.39 3.19  3.04 3.15  3.57 3.19 0.073

 Self-care global score**, days a week  2.37 1.57  2.29 1.43  2.41 1.64 0.371

HbA1c, %  9.64 2.19  9.45 2.24  9.74 2.16 0.166
 

Categorical variables   n %   n %   n %  
 

Education           
 

 Null  22 4.3%  8 2.4%  6 3.5% <0.001

 No read, no write  49 9.6%  19 5.6%  3 1.7%

 Primary school  198 38.6%  44 12.9%  5 2.9%

 Secondary school  118 23.0%  139 40.9%  59 34.1%

 Preparatory  79 15.4%  76 22.4%  42 24.3%

 University  33 6.4%  38 11.2%  41 23.7%

 No information  14 2.7%  16 4.7%  17 9.8%

Socioeconomic status           
 

 A, B (> 193)  6 1.2%  4 1.2%  2 1.2% 0.834

 C+ (155 to 192)  28 5.5%  16 4.7%  12 6.9%

 C (128 to 154)  45 8.8%  31 9.1%  14 8.1%

 C- (105 to 127)  64 12.5%  40 11.8%  24 13.9%

 D+ (80 to 104)  123 24.0%  79 23.2%  44 25.4%

 D (33 to 79)  189 36.8%  127 37.4%  62 35.8%

 E (0 to 32)  20 3.9%  15 4.4%  5 2.9%

 No information  38 7.4%  28 8.2%  10 5.8%

Comorbidities           
 

 Hypertension  249 48.5%  170 50.0%  79 45.7% 0.636

 High triglycerides  305 59.5%  199 58.5%  106 61.3% 0.721

 High total cholesterol  248 48.3%  174 51.2%  74 42.8% 0.152

Microvascular complications           
 

 Retinopathy  123 24.0%  77 22.6%  46 26.6% 0.422

 Nephropathy  212 41.3%  122 35.9%  90 52.0% <0.001

  Neuropathy   282 55.0%   178 52.4%   104 60.1% 0.066

*Score for socioeconomic status. **Diet, physical activity, glucose and foot care divided by 4.  SD: Standard deviation. 

 

SES was determined using the AMAI index (Spanish for Mexican Association of Marketing Research and Public Opinion Agencies [31], which integrates
updated information of income and expenses of Mexican households from o�cial Mexican government databases.  The index provides a numeric value (0 to
>193) and �ve categories ranging from “A/B”, the highest socioeconomic level, to “E” , the lowest [32]. Diabetes knowledge was assessed using the Spoken
Knowledge in Low Literacy Patients with Diabetes (SKILLD) Scale [33]. The 10-item SKILLD assesses the knowledge of lifestyle interventions, glucose
management, recognition and treatment of hypo- and hyperglycemia, and activities to prevent long-term diabetes-related complications. Each item score was
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summed; it ranged from 0 to 10. The higher the score number, the better the knowledge of diabetes. The SKILLD was originally designed and validated for
vulnerable T2D patients  with low literacy, and it has been previously used in Mexican-origin populations [34-36].

The 11-item version of the Summary of Diabetes Self-Care Activities (SDSCA) was used to measure participants’ self-care behaviors. This self-report
instrument assesses participants´ frequency (over the past 7 days) of engaging in diabetes self-care behaviors, including following healthy diet,
exercise/physical activity, self-monitoring of blood glucose testing, and foot care. Greater number of days indicates better self-management. Diet adherence
evaluation included general diet (i.e., days a week patients followed healthy diet), speci�c diet (i.e., days a week patient eat adequate portions of fruits and
vegetables/and avoid fat-rich food), and global diet (i.e., average obtained from the general and speci�c diet) [37].

Even though patients were referred from different centers, HbA1c was determined in a centralized laboratory using immunoassays National Glycohemoglobin
Standardization Program (NGSP)-certi�ed methods [38]. In particular, we used tubidimetric inhibition immunoassay for HbA1c  (CobasC-111, Roche
Diagnostics International Ltd., USA).

2.3 Statistical analyses

We examined the role of diabetes knowledge in self-care behavior; we used univariable and multivariable linear models adjusted for age, sex, and time since
diagnosis. We also used multiplicative terms to determine the potential interactions between socioeconomic status (SES) in the association between diabetes
knowledge and self-care behaviors. We determined the role of education in the association between SES and diabetes knowledge using multivariable logistic
regression models. We evaluated the role of self-care behaviors in the association between diabetes knowledge and glycemic control, including diet (speci�c,
global, and total), physical activity, glucometry assessments, foot care, and a self-care global score.  We ran mediation models according to the Baron and
Kenny’s steps [39]. We assessed whether the effect of diabetes knowledge on glycemic control (HbA1C levels) was mediated by self-care behaviors in a
multiple mediator model (Figure 1). Coe�cients were obtained from a linear regression analysis. Indirect effects were calculated based on the product-of-
coe�cients method (a*b) [40]. Standard errors and con�dence intervals for mediation analyses were calculated with bootstrapping (5000 samples) [41].
Outcome and mediating variables were adjusted for age (as a continuous variable), sex (male vs. female), years of disease (as a continuous variable), and
education level (primary vs. higher education). The direct effect (c’ path) did not have to be reduced to zero because an incomplete mediation of the effect was
expected. Also, for signi�cant mediating variables, the proportion mediated was calculated as effect size measure ((a*b)/c). Finally, we determined the role of
diabetes knowledge and self-care behaviors in glycemic control (HbA1c levels, as a continuous variable) and microvascular damage (retinopathy,
nephropathy, and neuropathy) using multivariable-adjusted logistic regression models. We performed the analyses using the R software (R Project for
Statistical Computing, CRAN, The Comprehensive R Archive Network, Vienna) and we used the command mediate() in ‘mediation’ package for bootstrapping.
Statistical signi�cance was de�ned as a value of p < 0.05.

3. Results
3.1 Characteristics of study participants

A total of 513 T2D patients  were included, of which 66.3% were female. The mean age was 53.7 years (standard deviation [SD] 11.32 years). Most of the
population reported primary school or less as their education level (52.4%), and 64% showed low or very low socioeconomic status (D+, D, and E, AMAI
categories). Patients had a mean time since diagnosis of 12.2 years (SD: 8.75 years), and 48.4% of them reported coexisting hypertension. The microvascular
complications assessment revealed the presence of diabetic retinopathy in 23.9% of the population, diabetic renal disease in 41.3%, and diabetic distal
neuropathy in 54.9%. The SKILLD scale, used to measure diabetes knowledge, showed a mean value of 3.06 (SD: 2.37, range 0-10). The best self-care activity
performance observed was foot care (mean 3.39 days a week, SD: 3.19 days a week), and glucose blood sugar testing was the least commonly performed
(mean 1.7, SD: 2.28 days a week). The mean level of HbA1c was 9.6% (SD: 2.2). Full description of the population included is shown in Table 1.

3.2 Role of socioeconomic factors in diabetes knowledge and sex-effects

Sex-effects were observed, with signi�cant associations for higher diabetes knowledge, higher education level, and nephropathy for women (Table 1).  We
found that SES was linked to education level (p-value < 0.001, Supplementary Figure 1). Multivariable-adjusted models also showed that SES was associated
with diabetes knowledge (β: 0.009, 95% Con�dence Interval [95% CI] 0.003, 0.015, p-value < 0.001, Supplementary Table 1). Finally, univariable and
multivariable-adjusted models showed a positive and statistically signi�cant association between education and on diabetes knowledge. Education showed a
strongest effect than SES and was signi�cant on both males and females. SES was associated with diabetes knowledge only in female participants
(Supplementary Table 1).

3.3 Mediation analysis of self-care activities in the association between diabetes knowledge and glycemic control

Table 2 shows the mediation of self-care behaviors between diabetes knowledge and glycemic control. First, we determined the effect of diabetes knowledge
on glycemic control (c path). Multivariable regression models, adjusted for age, sex, years of disease, and education, showed a negative association between
diabetes knowledge and glycemic control (HbA1C blood levels, p-value = 0.023). Second, we examined the impact of diabetes knowledge on self-care
behaviors using multivariable- adjusted linear models (a path). Diabetes knowledge was signi�cantly associated with all self-care behaviors, including diet
(general, speci�c, and global score), physical activity, blood sugar testing, and foot care, and with the global score for self-care activities. The strongest
association was observed for foot care and the weakest for speci�c diet score. Following the Baron and Kenny’s steps for mediation models [27], we
determined the role of self-care behaviors in glycemic control (b path). Among self-care behaviors, only physical activity and global diet reached statistical
signi�cance. The association between diabetes knowledge and glycemic control was lost after adjustment for self-care behaviors, especially physical activity.
Finally, we determined if the mediation effect was statistically signi�cant. We found a partial mediation of physical activity in the association between
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diabetes knowledge and glycemic control (Table 2), where physical activity signi�cantly accounted for 17% of the association (p-value: 0.049). We evaluated if
the mediation was sex-speci�c, but although the direction of the association was still present, we did not observe statistical signi�cance.

able 2. Mediation of self-care behaviors between diabetes knowledge and glycemic control in low-income patients with type 2 diabetes mellitus from Mexico City
=513). 

    X → Y (c path)a,h                    
 

abetes knowledge β 95% CI  
         

 

 
         

 

rude analysis -0.10 (-0.19, -0.01)           
 

  
   

          
 

    X → Y (c' path) directb,h   X → M (a path)c,h   M → Y (b path)d,h   Indirect effect (a*b)e,g  

  
β 95% CI  β 95% CI  β 95% CI  β  

  
    

elf-care behavior  
     

     
 

Diet  
 

 
        

 

 Specific -0.11 (-0.02, -0.19)  0.13 (0.06, 0.21)  0.06 (-0.04, 0.17)  0.01  

 Global -0.09 (-0.17, 0.02)  0.18 (0.09, 0.26)  -0.09 (-0.10, 0.00)  -0.01  

 Total -0.10 (-0.12, 0.11)  0.15 (0.09, 0.22)  -0.03 (-0.15, 0.08)  0.00
 

Physical activity, days a week -0.08 (-0.18, 0.01)  0.18 (0.09, 0.27)  -0.11 (-0.19, -0.03)  -0.02  

Blood sugar testing, days a week -0.10 (-0.06, 0.12)  0.13 (0.04, 0.22)  0.02 (-0.07, 0.10)  0.00  

Foot care, days a week -0.09 (-0.07, 0.06)  0.40 (0.28, 0.53)  -0.02 (-0.08, 0.04)  0.00  

Self-care global score, days a week -0.09 (-0.19, 0.07)   0.23 (0.17, 0.28)   -0.10 (-0.22, 0.03)   -0.01  

c path (total effect): The crude association between diabetes knowledge and glycemic control. 
 

c' path (direct effect): the association between diabetes knowledge and glycemic control, adjusted for mediator (self-care behavior) 

a path: association between diabetes knowledge and self-care behavior    
  

b path: association between self-care behavior and glycemic control    
  

ndirect effect (a*b): the indirect effect of the diabetes knowledge on glycemic control through self-care behavior
 

Proportion effect mediated ((a*b)/c): the proportion of the total effect mediated through self-care behavior
 

Confidence interval for indirect effects were calculated with bootstrapping (5000 samples)
 

All analyses used linear regression models adjusted for age, sex, years since diagnosis, and SES
 

3.4 Role of diabetes knowledge and self-care in microvascular damage

We studied whether diabetes knowledge or self-care behaviors were associated with microvascular damage (retinopathy, nephropathy, and neuropathy).
Diabetes knowledge was not associated with any of the surrogates for microvascular damage. However, several self-care behaviors were associated with
neuropathy, including diet (general HR: 0.95, 95% CI 0.90, 0.99; global HR: 0.95, 95% CI 0.92, 0.99), physical activity (HR: 0.90, 95% CI 0.83, 0.98), blood sugar
testing (HR: 0.86, 95% CI 0.79, 0.93), and self-care global score (HR: 0.97, 95% CI 0.95, 0.99) (Table 3). Global diet score was also associated with retinopathy
(HR: 1.04, 95% CI 1.01, 1.09), and physical activity was associated with the presence of any of the surrogates of microvascular damage (HR: 0.83, 95% CI 0.72,
0.96, Table 3).       
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Table 3. Association Among Diabetes Knowledge and Self-Care Activities on Microvascular Complications in low-income patients with type 2 diabetes mellitus in
Mexico City (n=513).  

 

    Retinopathy

 

Nephropathy

 

Neuropathy

 

Any surrogate for microvascular damage  

Variable β p-value  β p-value  β p-value  β p-value
95%CI   95%CI   95%CI   95%CI

Knowledge in diabetes -0.06 0.324  -0.01 0.837  -0.02 0.638  -0.02 0.755

(-0.17, 0.06)  (-0.09, 0.07)  (-0.10, 0.06)  (-0.14, 0.10)

Diet            

 Specific 0.07 0.073  0.00 0.911  -0.06 0.050  0.00 0.957

 (-0.01, 0.14)  (-0.06, 0.05)  (-012. 0.00)  (-0.08, 0.74)
 Global 0.05 0.075  0.04 0.095  -0.06 0.017  0.01 0.744

 (-0.01, 0.11)  (-0.01, 0.08)  (-0.10, -0.01)  (-0.06, 0.08)
 Total 0.04 0.038  0.01 0.373  -0.05 0.005  0.00 0.860

 (0.01, 0.08)  (-0.02, 0.05)  (-0.08, -0.02)  (-0.04, 0.05)
Physical activity  -0.05 0.399  0.01 0.883  -0.10 0.012  -0.19 0.009

(-0.16, 0.06)  (-0.07, 0.08)  (-0.19, -0.02)  (-0.33, -0.05)
Blood sugar testing  -0.01 0.851  0.00 0.989  -0.15 < 0.001  -0.12 0.082

(-0.09, 0.10)  (-0.08, 0.08)  (-0.23, -0.07)  (-0.26, 0.02)
Foot care (score) -0.01 0.815  0.00 0.970  -0.04 0.226  -0.05 0.277

(-0.09, 0.07)  (-0.06, 0.06)  (-0.10, 0.02)  (-0.14, 0.04)
Self-care global score** 0.02 0.210  0.01 0.249  -0.03 0.001  -0.06 0.263

(-0.01, 0.04)   (-0.01, 0.03)   (-0.05, -0.01)   (-0.18, 0.05)
*Socioeconomic status score included as continuous variable. Models adjusted by age (continuous), gender (categorical) and years of disease (continuous). 95%
CI: 95% Confidence interval. 

 

4. Discussion
This study showed how diabetes knowledge plays a key role on diabetes outcomes through self-care behaviors. Remarkably, our study found that, among all
the self-care behaviors evaluated, physical activity mediated the association between diabetes knowledge and glycemic control in a low-income population of
T2D patients from a large urban area. Both SES and level of education were directly associated with diabetes knowledge, but education showed a stronger
impact. Additionally, we found a decreased risk for developing microvascular diabetes-related complications (particularly with distal diabetic neuropathy), with
a higher self-care score (particularly with physical activity). To the best of our knowledge, this is the �rst deep exploration of determinants of health in
population with T2D living in a large populated area in Mexico City.

Some previous studies in T2D have determined the mediation of behavioral determinants on the effectiveness of lifestyle interventions in changing behavior
and body weight. Texeira et al. found that motivation, self-e�cacy, and self-regulation skills were reported as mediators of weight change and physical activity
behavior [44]. Den Braver et al. also reported that SLIMMER (SLIM iMplementation Experience Region Noord- en Oost-Gelderland) intervention on fasting
insulin and body weight was mediated by changes in dietary and physical activity behavior [45]. Mediation models identify and explain the process that
underlies an observed relationship between an independent variable (diabetes knowledge) and a dependent variable (glycemic control) via the inclusion of a
third hypothetical variable, known as a mediator variable (i.e., self-care behaviors. To our knowledge, no previous study has determined the potential mediation
of self-care behaviors in population from Mexico City, which is particularly susceptible to abnormal cardiometabolism and the worst prognosis [30,31]. For
mediation analysis, we used one of the two available approaches: the Sobel test [32] and bootstrapping [33]. Although the Sobel test has been widely used
since 1982, bootstrapping has been strongly recommended in recent years. Hence, we chose to bootstrap our mediation analysis [34]. Using this approach, we
determined that physical activity mediated the association between diabetes knowledge and glycemic control in this population setting. This �nding coincides
with those reported by den Braver et al. [45], and allows us to focus our non-pharmacologic interventions of this self-care behavior. As the American
Association of Diabetes has insisted, physical activity is critical for blood glucose management and overall health in individuals with diabetes [46], and we ask
on its importance in LMICs.

Our population showed some signi�cant differences related to sex-effects. Notably, we found that diabetes knowledge scores were higher in males; however,
the education level was higher in women than in men. Also, a higher frequency of neuropathy was observed in women.  Sex differences in the impact of T2D
on CVD outcomes across the life span have been previously identi�ed [42, 43]. For example, T2D confers 25–50% greater excess risk of incident
cardiovascular disease in women compared with men. Obesity trends in women may, in part, explain the observed sex difference in T2D in midlife. In fact, we
observed a higher and signi�cant body mass index in females. A deep analysis of sex-dependent differences and the relevance of the observed outcomes are
guaranteed.

The present study is in line with previous studies about the bene�t of self-care behaviors, particularly physical activity, and provides additional information on
the causal path.  This study also shows the relevance of diabetes knowledge and self-care behavior in T2D patients. The lack of health-related knowledge and
poor performance of diabetes self-care habits could partially explain the heavier diabetes burden in populations with social lag indicators. Previously, diabetes
was associated with  worse prognoses in Mexico than in high-income countries [47, 48] which made this research obligatory.

Our results showed that self-care behaviors were linked to microvascular damage in any form, with deeper reductions in Hazard Ratios for physical activity
and blood sugar testing. Previous studies have also found similar results, both cross-sectionally as longitudinally [49, 50]. However, our study was collected
based on self-report data at the time of the interview, and cross-sectionally analyzed. Therefore, because of the nature of the analysis, our results cannot
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suggest that self-care behavior will derive in reductions in microvascular complications. The effect of interventions and improvements in self-care behavior in
T2D patients on long-term microvascular complications in LMICs to establish causality is guaranteed. We also observed some unexplained associations (e.g.,
global diet and retinopathy), that we could not explain and that could be due to potential confounders not included in our statistical models.

An important �nding was the elucidation of socioeconomic factors on diabetes knowledge. Both factors evaluated, SES and education level, played a major
role in diabetes knowledge, particularly education.  This �nding suggests there is a causative role of socioeconomic factors in the epidemic of complications
of diabetes mellitus in underdeveloped countries. Poverty in�uences the development of type 2 diabetes and complications [51]. Education and
socioeconomic levels are associated with the activation of self-care management in chronic diseases [52]. These two social determinants could partially
in�uence the poor performance in self-care habits, through the potential contribution and mediating effect of poor diabetes knowledge, which indicates a link
between social determinants of health and diabetes self-management. Moreover, socioeconomic status was directly associated with glucose testing, which
identi�es the restriction T2D patients  and low SES have to execute this behavior. These �ndings reiterate why health care professionals need to consider their
patients’ socioeconomic status when implementing diabetes self-care management and education programs.

One strength  of this study is that it included  a validated tool for diabetes knowledge (SKILLD), which was designed for vulnerable populations . We observed
that most patients scored low on this scale, even though T2D patients  with long-term diabetes diagnosis were enrolled, which indicates the need for
increasing diabetes education in healthcare programs. The study participants were bene�ciaries of Seguro Popular (now INSABI) in Mexico City, which attends
to the largest number of primary care outpatients in Mexico. Therefore, our results were obtained from real-world data among a representative population from
a low-income subset of patients from one of the largest urban areas in the world, which is home to more than 20 million people in 1,450 km2.

Although our results are novel and potentially useful in the context of diabetes mellitus treatment in low-income countries, our study has several limitations.
First, this is a cross-sectional epidemiological study, so we are not able to conclude causality. However, as any other epidemiological study, it is a hypothesis
generator, and examines the relevance of education on diabetes knowledge to improve glycemic control. Second, the sample size may seem small in
comparison with other diabetes studies. However, our study included a large number of participating health centers in an unprecedented manner. Third,
although this study was conducted in Mexico City, a megalopolis, our �ndings may not be representative of other urban areas across the world. Nevertheless,
the study highlights the need to consider social determinants of health and diabetes knowledge across populations that surely share similarities with our
sample. Fourth, the SKILLD scale does not have a widespread use among studies that measure diabetes knowledge. Moreover, from our perspective, the
traditional tools used for this purpose are di�cult to understand for populations with educational lag; hence we decided to administer SKILLD, which has been
tested and validated in populations similar to ours. Fifth, despite adjusting for potential confounding factors in our analysis, we did not assess for other
factors that may in�uence glycemic control and self-care behaviors, such as pharmacological treatments, mental disorders, barriers to self-care, etc. Adverse
diabetes outcomes are complex and multicausal and involve biological, individual, and social factors. In this work, we try to reinforce the relevance of some of
them; we recognize the di�culty of including all the factors involved in a study of this nature.

We also recognize that our study did not evaluate the frequency of smoking in the participants. However,  this analysis is part of an interventional program in
which the educational component includes strict recommendations to stop smoking and to avoid second-hand smoking to all participants, even though this
factor is not present (Silva-Tinoco R. et al., 2020. Int J Equity Health, In press). Future studies about the role of smoking in LMICs are guaranteed. As the
inclusion to the study was not randomized and our study was not controlled due to ethical concerns, our results might be affected by selection bias. Only
those participants who accepted were included in the program, and they usually lived in areas close to the clinic (i.e., mobility in Mexico City tend to be very
complicated on daily basis, and people usually spend hours to move from home to workplaces). However, characteristics of the population shown in Table 1
suggested representativity of the population living at the center of the country in terms of SES, education, diet, and body mass index [53]. The success of the
program will allow us to include and evaluate a higher number of participants to determine the generalizability of our results to LMICs. Finally, we recognize
that usage of self-reported data  may be less reliable because of the potential lack of accuracy of responses, as well as potential intentional and unintentional
reporting bias. However, some studies have found that the self-report responses may be 100% in agreement with the direct observations held, suggesting that
self-report methodologies can con�dently be used in instances where observation may not be feasible. Therefore, our results have to be analyzed in the
context of these potential biases for self-reported data.

5. Conclusions
In conclusion, our study revealed that socioeconomic and educational gradients in�uence diabetes knowledge among primary care patients with type 2
diabetes. We also determined that self-care behaviors, particularly physical activity, mediate the effect of diabetes knowledge on glycemic control. These
results may indicate the most relevant pathways to consider in populations with poor access to diabetes care, which could lead to allocating government
resources to improve education and diabetes knowledge and to encouraging T2D patients  to increase self-care activities, particularly physical activity. Further
research is needed to estimate the size effect of interventions on diabetes knowledge and self-care improvement strategies in socially disadvantaged
circumstances, particularly in low-income groups.

Abbreviations
GC: Glycemic control

T2D: Type 2 diabetes

LMICs: Low- and middle-income countries

SES: Socioeconomic status



Page 9/11

HbA1c: Glycated hemoglobin

SKILLD: Spoken knowledge in low literacy diabetes

Declarations
Ethics approval and consent to participate

Approval was obtained from the institutional Bioethics and Research Health Ministry Board (609-010-01-18), and all participants signed an informed consent. 

Consent for publications

All authors have read and approved the manuscript for submission, accepted responsibility for the manuscript’s contents. 

Availability of data and material

The datasets generated and/or analyzed during the current study are not publicly available due that data used are from patients from the Clinic and are under
policies for private con�dential information, but are available from the corresponding author on reasonable request and using unidenti�able IDs by a third
party. 

Competing Interests

Authors declare no con�icts of interest. 

Funding

Clínica Especializada en el Manejo de la Diabetes de la Ciudad de México/Iztapalapa was partially supported by a grant provided by the World Diabetes
Foundation (WDF15-1228) for the establishment of the clinic, providing the infrastructure for the development of the study including building capacity,
equipment and laboratory. The researchers had complete initiative and autonomy to design the study and to write the manuscript. This work was supported by
National Institutes of Health (grant R21ES027087 Prada) and the Consejo Nacional de Ciencia y Tecnologia, CONACYT – Mexico (FOSISS 2017–289503,
Prada). 

Authors’ contributions: R.S.T., T.C.X and V.D.S. designed and developed the research. R.S.T., J.G.G. and D.P, wrote the manuscript. D. P. and R.S.T. made the
statistical analysis. E.L.G, J.S.A., AO.T., L.C.M., D.C.L revised the manuscript critically for important intellectual content. R.S.T. is the guarantor of this work and
takes the responsibility for the integrity of the data. 

Acknowledgements: The authors thank Novo Nordisk Mexico, S.A. de C.V. for the necessary �nancial support to prepare this document and declare the
following: 1) They have no competent interest beyond receiving the sponsorship from Novo Nordisk Mexico S.A. de C.V. 2) The study design, data collection,
data analysis, the preparation of this document and its submission for publication were carried out with complete autonomy. 

This article is present on an open repository website and can be accessed on https://nam11.safelinks.protection.outlook.com/?
url=https%3A%2F%2Fprotocolexchange.researchsquare.com%2Farticle%2F44648c6b-8b7a-439c-b20a-
1bbe615b9904%2Fv2&amp;data=02%7C01%7C%7Cb9eea64ec75144fe289a08d794de86a0%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C637141
This article is not published nor is under publication elsewhere.

References
 

1. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, Malanda B: IDF Diabetes Atlas: Global estimates of diabetes prevalence
for 2017 and projections for 2045. Diabetes Res Clin Pract 2018, 138:271-281.

2. Nations. U: Prevention and control of non-communicable diseases: Report of the Secretary General. . 2018.

3. Ramachandran A, Ramachandran S, Snehalatha C, Augustine C, Murugesan N, Viswanathan V, Kapur A, Williams R: Increasing expenditure on health care
incurred by diabetic subjects in a developing country: a study from India. Diabetes Care 2007, 30(2):252-256.

4. Niessen LW, Mohan D, Akuoku JK, Mirelman AJ, Ahmed S, Koehlmoos TP, Trujillo A, Khan J, Peters DH: Tackling socioeconomic inequalities and non-
communicable diseases in low-income and middle-income countries under the Sustainable Development agenda. Lancet 2018, 391(10134):2036-2046.

5. Diabetes. [https://www.healthypeople.gov/2020/topics-objectives/topic/diabetes/objectives?topicId=8]

�. Edelman SV, Polonsky WH: Type 2 Diabetes in the Real World: The Elusive Nature of Glycemic Control. Diabetes Care 2017, 40(11):1425-1432.

7. Hill J, Nielsen M, Fox MH: Understanding the social factors that contribute to diabetes: a means to informing health care and social policies for the
chronically ill. Perm J 2013, 17(2):67-72.

�. Goryakin Y, Rocco L, Suhrcke M: The contribution of urbanization to non-communicable diseases: Evidence from 173 countries from 1980 to 2008. Econ
Hum Biol 2017, 26:151-163.

9. Walker RJ, Strom Williams J, Egede LE: In�uence of Race, Ethnicity and Social Determinants of Health on Diabetes Outcomes. Am J Med Sci 2016,
351(4):366-373.

https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fprotocolexchange.researchsquare.com%2Farticle%2F44648c6b-8b7a-439c-b20a-1bbe615b9904%2Fv2&amp;data=02%7C01%7C%7Cb9eea64ec75144fe289a08d794de86a0%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C637141555770745259&amp;sdata=veHjHps%2FojSGHUtNNJNcodGjJAaR4UW4frjRTqKWQeQ%3D&amp;reserved=0
https://www.healthypeople.gov/2020/topics-objectives/topic/diabetes/objectives?topicId=8


Page 10/11

10. Aade: AADE7 Self-Care Behaviors. Diabetes Educ 2008, 34(3):445-449.

11. Shrivastava SR, Shrivastava PS, Ramasamy J: Role of self-care in management of diabetes mellitus. J Diabetes Metab Disord 2013, 12(1):14.

12. Ausili D, Bulgheroni M, Ballatore P, Specchia C, Ajdini A, Bezze S, Di Mauro S, Genovese S: Self-care, quality of life and clinical outcomes of type 2 diabetes
patients: an observational cross-sectional study. Acta Diabetol 2017, 54(11):1001-1008.

13. The Staggering Costs of Diabetes. [https://www.diabetes.org/resources/statistics/cost-diabetes]

14. 68% of the world population projected to live in urban areas by 2050. [https://www.un.org/development/desa/en/news/population/2018-revision-of-
world-urbanization-prospects.html]

15. Seck SM, Dia DG, Doupa D, Diop-Dia A, Thiam I, Ndong M, Gueye L: Diabetes Burden in Urban and Rural Senegalese Populations: A Cross-Sectional Study
in 2012. Int J Endocrinol 2015, 2015:163641.

1�. Características de las defunciones registradas en México durante 2018.
[https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2019/EstSociodemo/DefuncionesRegistradas2019.pdf.]

17. Baptista DR, Wiens A, Pontarolo R, Regis L, Reis WC, Correr CJ: The chronic care model for type 2 diabetes: a systematic review. Diabetol Metab Syndr
2016, 8:7.

1�. Codispoti C, Douglas MR, McCallister T, Zuniga A: The use of a multidisciplinary team care approach to improve glycemic control and quality of life by the
prevention of complications among diabetic patients. J Okla State Med Assoc 2004, 97(5):201-204.

19. Krishnan S, Nash F, Baker N, Fowler D, Rayman G: Reduction in diabetic amputations over 11 years in a de�ned U.K. population: bene�ts of
multidisciplinary team work and continuous prospective audit. Diabetes Care 2008, 31(1):99-101.

20. Boren SA, Fitzner KA, Panhalkar PS, Specker JE: Costs and bene�ts associated with diabetes education: a review of the literature. Diabetes Educ 2009,
35(1):72-96.

21. (WHO). WHO: Innovative Care for Chronic Conditions: Building Blocks for Action.; 2002. .

22. Ciccone MM, Aquilino A, Cortese F, Scicchitano P, Sassara M, Mola E, Rollo R, Caldarola P, Giorgino F, Pomo V et al: Feasibility and effectiveness of a
disease and care management model in the primary health care system for patients with heart failure and diabetes (Project Leonardo). Vasc Health Risk
Manag 2010, 6:297-305.

23. Nam S, Chesla C, Stotts NA, Kroon L, Janson SL: Barriers to diabetes management: patient and provider factors. Diabetes Res Clin Pract 2011, 93(1):1-9.

24. Bains SS, Egede LE: Associations between health literacy, diabetes knowledge, self-care behaviors, and glycemic control in a low income population with
type 2 diabetes. Diabetes Technol Ther 2011, 13(3):335-341.

25. Heisler M, Piette JD, Spencer M, Kieffer E, Vijan S: The relationship between knowledge of recent HbA1c values and diabetes care understanding and self-
management. Diabetes Care 2005, 28(4):816-822.

2�. Kueh YC, Morris T, Ismail AA: The effect of diabetes knowledge and attitudes on self-management and quality of life among people with type 2 diabetes.
Psychol Health Med 2017, 22(2):138-144.

27. R. S-T: Determinants of Glycemic Control among Urban Patients with Type 2 Diabetes: A mediation analysis from real-world evidence. Health Economics
& Outcomes Research 2020.

2�. American Diabetes A: Standards of Medical Care in Diabetes-2019 Abridged for Primary Care Providers. Clin Diabetes 2019, 37(1):11-34.

29. American Diabetes A: 3. Comprehensive Medical Evaluation and Assessment of Comorbidities. Diabetes Care 2017, 40(Suppl 1):S25-S32.

30. Meijer JW, Smit AJ, Sonderen EV, Groothoff JW, Eisma WH, Links TP: Symptom scoring systems to diagnose distal polyneuropathy in diabetes: the
Diabetic Neuropathy Symptom score. Diabet Med 2002, 19(11):962-965.

31. Pública. A-AMdmyO: 2020.

32. Leon-Vazquez CD, Rivera-Marquez JA, Bojorquez-Chapela I, Unikel-Santoncini C: Variables associated with disordered eating behaviors among freshman
students from Mexico City. Salud Publica Mex 2017, 59(3):258-265.

33. Spencer CT, Byrne BJ, Gewitz MH, Wechsler SB, Kao AC, Gerstenfeld EP, Merliss AD, Carboni MP, Bryant RM: Ventricular arrhythmia in the X-linked
cardiomyopathy Barth syndrome. Pediatr Cardiol 2005, 26(5):632-637.

34. Hu J, Wallace DC, McCoy TP, Amirehsani KA: A family-based diabetes intervention for Hispanic adults and their family members. Diabetes Educ 2014,
40(1):48-59.

35. Hartzler ML, Shenk M, Williams J, Schoen J, Dunn T, Anderson D: Impact of Collaborative Shared Medical Appointments on Diabetes Outcomes in a
Family Medicine Clinic. Diabetes Educ 2018, 44(4):361-372.

3�. Young CF, Yun K, Kang E, Shubrook JH, Dugan JA: Correlations Between A1C and Diabetes Knowledge, Diabetes Numeracy, and Food Security in a
Vulnerable Type 2 Diabetes Population. Diabetes Spectr 2018, 31(2):177-183.

37. Toobert DJ, Hampson SE, Glasgow RE: The summary of diabetes self-care activities measure: results from 7 studies and a revised scale. Diabetes Care
2000, 23(7):943-950.

3�. List of NGSP Certi�ed Methods. [http://www.ngsp.org/docs/methods.pdf.]

39. Baron RM, Kenny DA: The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J
Pers Soc Psychol 1986, 51(6):1173-1182.

40. MacKinnon DP, Fairchild AJ, Fritz MS: Mediation analysis. Annu Rev Psychol 2007, 58:593-614.

41. Preacher KJ, Hayes AF: Asymptotic and resampling strategies for assessing and comparing indirect effects in multiple mediator models. Behav Res
Methods 2008, 40(3):879-891.

https://www.diabetes.org/resources/statistics/cost-diabetes
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2019/EstSociodemo/DefuncionesRegistradas2019.pdf
http://www.ngsp.org/docs/methods.pdf


Page 11/11

42. Regensteiner JG, Golden S, Huebschmann AG, Barrett-Connor E, Chang AY, Chyun D, Fox CS, Kim C, Mehta N, Reckelhoff JF et al: Sex Differences in the
Cardiovascular Consequences of Diabetes Mellitus: A Scienti�c Statement From the American Heart Association. Circulation 2015, 132(25):2424-2447.

43. Huebschmann AG, Huxley RR, Kohrt WM, Zeitler P, Regensteiner JG, Reusch JEB: Sex differences in the burden of type 2 diabetes and cardiovascular risk
across the life course. Diabetologia 2019, 62(10):1761-1772.

44. Teixeira PJ, Carraca EV, Marques MM, Rutter H, Oppert JM, De Bourdeaudhuij I, Lakerveld J, Brug J: Successful behavior change in obesity interventions in
adults: a systematic review of self-regulation mediators. BMC Med 2015, 13:84.

45. den Braver NR, de Vet E, Duijzer G, Ter Beek J, Jansen SC, Hiddink GJ, Feskens EJM, Haveman-Nies A: Determinants of lifestyle behavior change to
prevent type 2 diabetes in high-risk individuals. Int J Behav Nutr Phys Act 2017, 14(1):78.

4�. Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, Horton ES, Castorino K, Tate DF: Physical Activity/Exercise and Diabetes: A
Position Statement of the American Diabetes Association. Diabetes Care 2016, 39(11):2065-2079.

47. Alegre-Diaz J, Herrington W, Lopez-Cervantes M, Gnatiuc L, Ramirez R, Hill M, Baigent C, McCarthy MI, Lewington S, Collins R et al: Diabetes and Cause-
Speci�c Mortality in Mexico City. N Engl J Med 2016, 375(20):1961-1971.

4�. Disease GBD, Injury I, Prevalence C: Global, regional, and national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990-
2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016, 388(10053):1545-1602.

49. Boren SA, Gunlock TL, Schaefer J, Albright A: Reducing risks in diabetes self-management: a systematic review of the literature. Diabetes Educ 2007,
33(6):1053-1077; discussion 1078-1059.

50. Kent D, D'Eramo Melkus G, Stuart PM, McKoy JM, Urbanski P, Boren SA, Coke L, Winters JE, Horsley NL, Sherr D et al: Reducing the risks of diabetes
complications through diabetes self-management education and support. Popul Health Manag 2013, 16(2):74-81.

51. Wachtel MS: Family poverty accounts for differences in lower-extremity amputation rates of minorities 50 years old or more with diabetes. J Natl Med
Assoc 2005, 97(3):334-338.

52. Bos-Touwen I, Schuurmans M, Monninkhof EM, Korpershoek Y, Spruit-Bentvelzen L, Ertugrul-van der Graaf I, de Wit N, Trappenburg J: Patient and disease
characteristics associated with activation for self-management in patients with diabetes, chronic obstructive pulmonary disease, chronic heart failure and
chronic renal disease: a cross-sectional survey study. PLoS One 2015, 10(5):e0126400.

53. National Survey on Health and Nutrition. [https://ensanut.insp.mx/encuestas/ensanut2018/descargas.php.]

Figures

Figure 1

Conceptual models used in this study and results shown in the corresponding tables. Blue arrows: Single mediator models for diabetes knowledge effect on
glycemic control (y) via behavioral determinants (m). Path a represents the association between diabetes knowledge (x) and individual behavioral
determinants (m). Path b represents the relation between individual behavior determinants (m) and glycemic control (y). c path represents the crude
association between diabetes knowledge (x) and glycemic control (y). c’ path represents the association between diabetes knowledge (x) and glycemic control
(y) corrected for behavioral determinant (m). Green arrows: Effect of diabetes knowledge and self-care behaviors on microvascular damage.
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