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Abstract 

Background  Type 2 diabetes mellitus (T2DM) is a pressing public health challenge in Latin America, with an increas‑
ing prevalence and negative impacts on population health. Achieving optimal blood glucose levels is critical for pre‑
venting complications, yet significant socioeconomic inequities persist in disease management and optimal glucose 
control. We aimed to investigate the patient characteristics associated with optimal fasting capillary glucose in indi‑
viduals living with T2DM in a hard-to-reach setting in Esmeraldas, Ecuador.

Methods  We carried out a cross-sectional study of individuals with T2DM in the Eloy Alfaro health district of Esmer‑
aldas, using a complex sample design with some limitations. Data collection took place between October 2020 
and May 2022 and involved face-to-face interviews to collect sociodemographic and clinical data and a Fasting Capil‑
lary Blood Glucose test. Perceived social support was measured with the Multidimensional Scale of Perceived Social 
Support (MSPSS). We estimated the prevalence of optimal glucose levels according to patient characteristics and cal‑
culated odds ratios (OR) with 95% confidence intervals using multivariable logistic regression.

Results  Of the 474 participants surveyed, only 18.1% (86; 95%CI: 14.9–21.9) had optimal fasting capillary glucose 
levels. In this sample, optimal glucose was nearly four times more frequent among men compared to women 
(aOR = 3.92, 95%CI: 2.08–7.40, p < 0.001). Furthermore, older age (aOR = 1.03, 95%CI: 1.01–1.05, p = 0.006), living 
in an urbanised setting (aOR = 2.04, 95%CI: 1.22–3.40, p = 0.006) and unemployment (aOR = 0.48, 95%CI: 0.25–0.94, 
p = 0.031) were also linked to optimal blood glucose levels. While perceived social support in this population 
was moderate (median = 2.33, on a scale of 1 to 4), high family support appeared to reduce optimal glycaemic levels 
(aOR = 0.35, 95%CI: 0.18–0.70, p = 0.003).

Conclusions  The intricate interplay of factors influencing diabetes management and optimal blood sugar suggests 
that targeted, context-specific and gender-sensitive public health strategies may be needed to address diabetes 
disparities in vulnerable populations.
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Background
Type 2 diabetes mellitus (T2DM) has emerged as a sig-
nificant public health challenge in Latin America, as the 
region has experienced an increase in diabetes preva-
lence in recent decades, posing a significant threat to 
the health and well-being of the population [1]. In 
Ecuador, diabetes was identified in 2022 as the second 
leading cause of death in the general population with a 
5.6% of all deaths in the country [2].

Glycaemic control in patients with diabetes is a piv-
otal element for averting or delaying complications 
[3]. To achieve that, patients are advised to adhere to 
self-management practices, both pharmacological and 
behavioural [4]. Nonetheless, a common critique is that 
guidelines supporting these recommendations often 
overlook the socioeconomic context in which individu-
als live, particularly how those with socioeconomic 
challenges may encounter barriers to adhering to self-
management practices [5].

There is convincing evidence showing that socioeco-
nomic factors, such as income, education level, ethnic-
ity and employment status influence glycaemic control 
among people with T2DM [6, 7]. Women, facing bio-
logical differences and an elevated risk of low socioeco-
nomic status due to gender roles, tend to have worse 
glycaemic control than men [8]. Age and disease dura-
tion are additional factors that significantly impact dia-
betes management, underlining the clinical relevance 
to evaluate these alongside socioeconomic factors [6, 
9].

Patients’ social environment, including social sup-
port, is not frequently addressed in diabetes man-
agement, yet it has consistently been associated with 
improved glycaemic control [10–12]. Social support 
can take practical, informational or emotional forms 
and may come from family, friends, community, etc. 
helping patients overcome barriers to managing their 
chronic condition [13, 14].

Understanding the factors influencing glycaemic con-
trol is crucial given the rising prevalence of T2DM, 
especially in challenging and remote settings. Research 
in these contexts is critical to identify unique determi-
nants and develop tailored interventions that address 
specific challenges, emphasising the role of social fac-
tors in managing non-communicable diseases.

Methods
Aim
This study aims to answer the following questions:

• What is the prevalence of optimal fasting capillary 
glucose levels, and what patient characteristics are 
associated with these levels in hard-to-reach rural 
communities and urbanised areas of the Eloy Alfaro 
health district in Esmeraldas, Ecuador?

Study design
The present study is a component of the CEAD project 
– Contextualizing Evidence for Action on Diabetes in 
low-resource Settings: A Mixed-methods case study in 
Quito and Esmeraldas, Ecuador. This project employs 
a mixed-methods approach integrating both quantita-
tive epidemiological analysis and qualitative research to 
investigate how global recommendations can be tailored 
into specific, evidence-based actions for diabetes preven-
tion in local contexts. To evaluate the implementation of 
comprehensive diabetes care in low-resource settings, 
we conducted a cross-sectional study of individuals liv-
ing with diabetes in two settings (Quito and Esmeral-
das). This study focuses on the Eloy Alfaro health district 
08D02 in Esmeraldas, province of Ecuador, where we 
concurrently conducted a population survey showing 
a diabetes prevalence of 6.8%, markedly higher among 
women (10.4%) compared to men (2.0%) [15].

We gathered data on diabetes-related care and clini-
cal outcomes, as well as socio-demographic and clinical 
patient characteristics using face-to-face patient inter-
views. Participants provided informed consent to access 
their clinical records for detailed information on disease 
management (glycaemic control measurements, fre-
quency of medical check-ups, visits to specialists, com-
plications). Furthermore, following a recommendation 
from local health promoters we measured glycaemic 
control with a fasting capillary glucose test at the time of 
interview. This allowed us to provide immediate feedback 
to participants on their glucose levels at a time of severely 
limited access healthcare (COVID-19 pandemic) and 
considering the scarcity of glucometers and test strips in 
the area. In this manuscript, we report the fasting capil-
lary glucose result at the time of interview, as it was the 
most consistently reported glucose outcome for the study 
participants.
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Setting
The Eloy Alfaro health district is in a densely forested 
rural area of the northwest coastal region of Esmeral-
das province, and has a population of 45,629 (est. 2020) 
[16]. Different ethnic groups, 85% Afro-Ecuadorian, 10% 
indigenous Chachi, and 5% mestizo (mixed ethnic herit-
age), live in small riverside communities along the major 
rivers, accessible mainly by water, or in the larger vil-
lages, Borbón and Valdez, which are referred to here as 
“urbanised areas”. Economic activities include livestock, 
agriculture, fishing, and tourism, having the highest 
unemployment rate of Ecuador (9%) and with 52.3% of 
the population experiencing unmet basic needs [17].

Participants
Eligibility criteria
We included patients over 18  years old with a medi-
cal diagnosis of T2DM prior to January 2019. Pregnant 
women diagnosed with gestational diabetes, individuals 
with type 1 diabetes, and those with mental disorders 
impeding consent were excluded.

Study size and sampling strategy
A priori, we had defined a conservative sample size of 576 
individuals to estimate the proportion of individuals with 
poor glycaemic levels of 50% [18]. We initially planned to 
make a random sample of individuals diagnosed with dia-
betes who lived in the health district, but after consulting 
the different databases available for recruitment and con-
sidering potential difficulties arising with locating indi-
viduals identified in routine databases, we attempted to 
recruit the entire diabetes population in the study district 
(official data suggested that there were 587 individuals 
living with diabetes in the health district).

Given the structure of the district’s health service, 
patient recruitment varied by rural or urban residence. 
For patients living in urbanised areas, we used the Min-
istry of Public Health’s (MSP, from its Spanish acronym) 
daily automated record of consultations and outpa-
tient care (RDCAA) and the MSPS’s chronic conditions 
matrix tool. These records include individuals with dia-
betes attending district hospitals and were expected to 
capture all urban-based patients with diabetes. In rural 
communities, where MSP health teams visit infrequently, 
recruitment relied on the Centre of Community Epide-
miology and Tropical Medicine (CECOMET), a non-
profit organisation with over 20  years of experience in 
addressing and monitoring health challenges through 
community-focused approaches. CECOMET supports 
MSP through a network of lay health promotors who 
accompany the health teams and enhance accessibility. 
The MSP’s record-keeping capacity in rural communities 

requires paper-based data collection and manual entry 
into the computer system when returning to the sub-
centre. Due to significant limitations of this system, 
CECOMET uses a parallel system to monitor their activi-
ties, which was considered to be more complete. As such, 
we used CECOMET’s internal diabetes database for study 
recruitment which initially consisted of 530 individuals.

Both databases were refined based on inclusion cri-
teria, removing duplicates, deceased individuals, and 
confirmed people without type 2 diabetes. Each per-
son received a unique code, comprising their com-
munity acronym and a sequential number, to ensure 
confidentiality.

Data collection was organised in two phases: 1st) Octo-
ber 2020 to August 2021 recruitment in rural commu-
nities was aligned with the CECOMET’s programmatic 
visits to selected rural communities and parallel recruit-
ment in the urbanised settings; 2nd) December 2021 to 
May 2022, we visited new rural communities with the 
specific purpose of study recruitment, prioritising those 
with a higher number of people with diabetes and easier 
accessibility.

During recruitment, some additional patients were 
identified (e.g. patients with diabetes who met the inclu-
sion criteria but who did not appear in the databases 
who were detected during medical record searches or 
known by local health promoters). On the other hand, a 
significant proportion of individuals listed in the data-
bases could not be reached at the time of data collection 
because they were either temporally absent (5.3%) (e.g. 
due to work or health reasons) or had migrated to other 
communities (11.7%), perhaps influenced by the pan-
demic period (Fig.  1). Health promoters were informed 
in advance of the study team’s visit to facilitate patient 
mobilisation and maximise participation. Additionally, 
52 individuals did not undergo capillary blood glucose 
testing because they were not in a fasting state at the time 
of measurement. This was more common among women 
(42 individuals, 16.2%) than men (10 individuals, 9.6%).

Data collection
The survey team included 2 nursing assistants and 7 
healthcare professionals (6 nurses and an obstetrician) 
familiar with the community. Two CECOMET public 
health nurse coordinators provided technical and logis-
tical support. Local health promoters and nursing assis-
tants actively participated in community interviews, 
assisting with participant recruitment, house location, 
and fasting instructions for glucose testing. At least one 
member of the team was able to translate questions ver-
bally to Cha’palaa (language spoken by the indigenous 
population in the area) when needed.
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Local health promoters located individuals who had 
been identified for inclusion in the study. They informed 
them of the study’s objectives, and interview date and 
instructed them to attend the interviews without hav-
ing eaten anything from 9 pm the night before. On the 
interview day, participants met with the study team in 
an agreed location (e.g. at the health promoter’s house) 
early in the morning where they had a fasting capillary 
glucose test and then, after having breakfast, the sur-
vey team visited their homes individually to complete 
the interview. All fasting capillary glucose tests were 
performed using the same Accu-Chek Instant© device 
(Roche) to standardise the measurements and minimise 
variability. The questionnaire used for the interviews 
was specifically designed for this study, combining ele-
ments based on different instruments (Supplementary 
File 1). We collected socioeconomic and demographic 
data following the structure of the WHO STEPS survey. 
Clinical data, health services, and access to treatment 
were gathered based on recommendations from the 
National Clinical Practice Guideline [19], with some 

ad hoc questions related to the impact of the COVID-
19 pandemic. Additionally, we assessed Health-Related 
Quality of Life using the EuroQol-5D (EQ-5D) instru-
ment and measured perceived social support with the 
Multidimensional Scale of Perceived Social Support 
(MSPSS) [20]. For this study analysis we used socioeco-
nomic data and the MSPSS instrument, which measures 
three sources of social support: significant other, fam-
ily, and friends using 12 questions. We chose the adap-
tation by Arechabala and Miranda, originally designed 
for Chilean elderly patients with hypertension [21], 
which uses a Likert-type scale ranging from 1 (almost 
never) to 4 (always or almost always) rather than the 
original 1 to 7. This version has also been applied to 
Chilean patients with T2DM [22]. We conducted a pre-
pilot study with patients from the area, during which 
no issues were identified regarding the linguistic com-
prehension of the survey tool. As psychometric vali-
dation had not yet been conducted in an Ecuadorian 
population, we used this sample to evaluate the inter-
nal consistency of the MSPSS in this population using 

Fig. 1  Study recruitment flow diagram
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Cronbach’s alpha and performed a Confirmatory Factor 
Analysis (CFA). Survey data were recorded on digital 
tablets (Samsung Galaxy Tab AT290) using the KoboC-
ollect program (version 2.4).

Variables
The main outcome variable of this study is Fasting Capil-
lary Blood Glucose (FCBG), defined as optimal when the 
FCBG levels were between 80–130  mg/dL according to 
ADA guidelines [4] and as suboptimal when the levels 
were over 130 mg/dL. Two individuals had a FCBG below 
80  mg/dL which should also be considered suboptimal 
(hypoglycaemic). They are reported in the descriptive 
table as a separate category but excluded from the rest of 
the analysis.

Age was used as a continuous variable. Self-reported 
ethnicity was simplified to Afro-Ecuadorian, Mestizo 
and Indigenous. Three categories were used to categorise 
education: no formal schooling, primary school comple-
tion, and secondary school completion or above. Marital 
status was classified into two categories: partnered (mar-
ried or free union) or unpartnered (single, separated or 
widow). Employment status was dichotomised into for-
mal employment (including self-employed, private sec-
tor employee or government employee) or not in formal 
employment (homemakers, students, unemployed or 
retired). The item for estimated household earnings was 
divided according to the median ($0 to $100 and over 
$100). The duration of T2DM was calculated by subtract-
ing the self-reported diagnosis date from the interview 
date and used as a continuous variable. If an individual 
was unable to recall the diagnosis date, we used the date 
found in the participant’s medical history. Access to free 
T2DM treatment was based in response to the question 
“Does the subcentre or hospital provide you with the 
prescribed medications when you go for a check-up?”. To 
avoid categories with too few responses, we categorised 
the answers into ‘always’ and ‘sometimes/never.’

We described the perceived social support of the par-
ticipants using the mean scale score of the MSPSS instru-
ment [20], overall and in each of the three subdomains 
(family, friends, and significant others), each ranging 
between 1 (low perceived support) and 4 points (high 
perceived support). In multivariable analysis, we dichot-
omised each support variable in low (mean MSPSS 
scale score < 2.5) and high support (mean MSPSS scale 
score ≥ 2.5). For participants with no more than one 
unanswered question per subdomain, the mean was 
recalculated accounting for the missing value. When 
there was more than one unanswered question in a sub-
domain, all social support variables were treated as miss-
ing values and excluded from the analysis.

Data analysis
We used Stata version 15.0 (StataCorp, College Station, 
TX, USA) for all statistical analyses. We described the 
prevalence of our main outcome variable with 95% con-
fidence intervals, disaggregated by sex. We evaluated the 
normality of the data with the Shapiro–Wilk test. We 
compared the sociodemographic, clinical, and social sup-
port features using proportions and Fisher’s exact test 
for categorical variables, the mean and Student’s t-test 
for continuous variables with a normal distribution and 
the median and interquartile range (IQR) and Kruskal–
Wallis test for variables with a non-normal distribution. 
We used logistic regression to estimate odds ratios (ORs) 
with 95% confidence intervals. We conducted a multi-
variable logistic regression analysis to identify signifi-
cant predictors of optimal fasting glucose. Variables were 
entered into the model if they met a p-value threshold 
of < 0.10 for inclusion and were retained if they main-
tained a p-value of < 0.05. This analysis was performed 
using the stepwise command in Stata. As a sensitivity 
analysis, we also restricted the sample to individuals over 
40 years old, and to facilitate gender analysis in interpret-
ing the results we explored other models stratified by sex 
using the backward stepwise elimination method. Miss-
ing data were excluded from the logistic regression analy-
sis. We assessed multicollinearity using the correlation 
matrix and the Variance Inflation Factor (VIF).

Results
Five hundred twenty eight individuals with T2DM were 
interviewed, of whom 476 (90.2%) had a result of fast-
ing capillary glucose and therefore were included in this 
study (Fig.  1). Most participants were women (N = 334, 
70.2%) (Table  1). The mean age was 60 ± 13  years, simi-
lar for both sexes (range 22–91  years). The distribution 
of ethnic groups shows a majority of Afro-Ecuadorians 
(65.4%), followed by Mestizo (29.5%) and Indigenous 
(5.1%) with 66.2% living in rural communities (N = 315). 
The median duration of diabetes was 7 years with an IQR 
of 5–11 years and ranging from 2 to 54 years (not shown 
in table), without differences by sex.

The sociodemographic characteristics varied between 
men and women. While more than half of the partici-
pants had reached primary schooling (N = 279), men 
showed a significantly higher education level. Men also 
reported having a partner more often than women (109 
men, 76.8% versus 229 women, 68.6%, p = 0.078). Women 
were more likely to be unemployed (N = 275, 82.3%) com-
pared to men (N = 38, 26.8%, p =  < 0.001) Household 
earnings further emphasise disparities, as 61% of women 
(N = 188) declared earning $100 or less per month, com-
pared to 40% of men.
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Table 1  Description of the sociodemographic, clinical and social support characteristics (N = 476)

a 2 missing
b 39 not reported
c 7 missing
d 11 missing
e 5 missing social support (MSPSS scale)
** p-value for the Fisher’s exact test comparing men and women

Characteristics Women n (%) Men n (%) Total n (%) p-value**

Age in years (mean ± SD) (59 ± 13) (62 ± 13) (60 ± 13) 0.054

Ethnic groupa 0.648

  Afro 219 (65.6) 91 (65.0) 310 (65.4)

  Mestizo 100 (29.9) 40 (28.6) 140 (29.5)

  Indigenous 15 (4.5) 9 (6.4) 24 (5.1)

Setting 0.751

  Rural 219 (65.6) 96 (67.6) 315 (66.2)

  Urbanised 115 (34.4) 46 (32.4) 161 (33.8)

Education level 0.014
  No formal schooling 65 (19.5) 23 (16.2) 88 (18.5)

  Primary school 205 (61.4) 74 (52.1) 279 (58.6)

  Secondary or higher 64 (19.2) 45 (31.7) 109 (22.9)

Marital status 0.078

  Unpartnered 105 (31.4) 33 (23.2) 138 (29.0)

  Partnered 229 (68.6) 109 (76.8) 338 (71.0)

Employment status  < 0.001
  Unemployed 275 (82.3) 38 (26.8) 313 (65.8)

  Employed 59 (17.7) 104 (73.2) 163 (34.2)

Household earningsb  < 0.001
  $100 or less 188 (61.0) 51 (39.5) 239 (54.7)

  More than $100 120 (39.0) 78 (60.5) 198 (45.3)

Capillary glucose result  < 0.001
  Hypoglycaemia (< 80 mg/dL) 1 (0.3) 1 (0.7) 2 (0.4)

  Optimal (80–130 mg/dL) 46 (13.8) 40 (28.2) 86 (18.1)

  Hyperglycaemia (> 130 mg/dL) 287 (85.9) 101 (71.1) 388 (81.5)

T2DM duration, mean in years (IQR)c 7 (5–11) 7 (5–11) 7 (5–11) 0.867

Free T2DM treatment provided by the health 
centre (self-reported)d

0.475

  Sometimes/never 179 (54.6) 80 (58.4) 259 (55.7)

  Always 149 (45.4) 57 (41.6) 206 (44.3)

Total social supporte 0.541

  Low 207 (62.7) 87 (61.7) 294 (62.4)

  High 123 (37.3) 54 (38.3) 177 (37.6)

Family supporte 0.347

  Low 42 (12.7) 13 (9.2) 55 (11.7)

  High 288 (87.3) 128 (90.8) 416 (88.3)

Friend supporte 0.499

  Low 244 (73.9) 100 (70.9) 344 (73.0)

  High 86 (26.1) 41 (29.1) 127 (27.0)

Other significant supporte 1.000

  Low 226 (68.5) 97 (68.8) 323 (68.6)

  High 104 (31.5) 44 (31.2) 148 (31.4)

Total 334 (100%) 142 (100%) 476 (100%)
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Regarding perceived social support, the psychomet-
ric validation of the MSPSS showed excellent internal 
consistency with a Cronbach’s alpha of 0.91 (95%CI: 
0.91–0.92), and a robust factor structure confirmed by 
CFA indices: Tucker–Lewis Index of 0.998, Root Mean 
Square Error of Approximation of 0.999, and Root Mean 
Square Error of Approximation of 0.119 (Full details of 
the analysis are provided in the Supplementary File 2). 
Participants who had answered the MSPSS (N = 471) 
reported a median score of 2.33 (IQR: 1.83–2.83) on the 
MSPSS, indicating a moderate level of overall perceived 
social support, with 62.4% (N = 294) experiencing low 
social support in the dichotomised variable. However, 
further exploration of the subdomains of social support 
showed a disparity between the perceived family support, 
with higher scores (median: 3.5, IQR: 3–4) compared to 
friend support (median: 2, IQR: 1.25–2.5) and other sig-
nificant support (median: 2, IQR: 1–3). We did not detect 
differences in social support between men and women 
(Table 1).

Optimal capillary glucose levels and associated factors
Analysis of the fasting capillary glucose tests showed a 
median value of 210.5  mg/dL (IQR: 144–285), with the 
range of values ​between 62 and 571 mg/dL. Remarkably, 
only 86 individuals, representing 18.1% of the sample 
(95%CI: 14.9–21.9), had optimal glucose levels within 
the optimal range of 80–130  mg/dL. Among the other 
390 individuals, 388 presented suboptimal results above 
130  mg/dL, indicating an 81.9% (95%CI: 78.2–85.1) of 
hyperglycaemia in the population studied.

Notably, the prevalence of an optimal outcome was 
significantly higher in men than in women (40 men, 
28.4% (95%CI: 21.5–36.4); compared to 46 women, 13.8% 
(95%CI: 10.5–18.0)) (Table  2). Individuals with optimal 
glycaemia had a higher mean age (64 ± 15  years) com-
pared to those with suboptimal glycaemia (60 ± 13 years, 
p = 0.001). However, when disaggregated by sex, this pat-
tern was only observed among men (Table 2). Individuals 
living in urbanised areas had a higher proportion of an 
optimal result of FCBG (23.6%) than their rural counter-
parts (15.3%, p = 0.032). When disaggregating by sex this 
association was only observed among women (Table 2).

The multivariable regression analysis revealed that 
men were nearly four times more likely than women to 
achieve optimal glycaemic control, even after adjust-
ing for other covariates in the model (aOR = 3.92, 
95%CI: 2.08–7.40, p < 0.001) (Table  3). Each addi-
tional year of age was associated with a 3% increase 
in the odds of achieving optimal blood glucose levels 
(aOR = 1.03, 95%CI: 1.01–1.05, p = 0.006). Individu-
als residing in urbanised areas also had significantly 
higher odds of an optimal glycaemic result compared 

to those in rural areas (aOR = 2.04, 95%CI: 1.22–3.40, 
p = 0.006). Employment status was inversely associated 
with glycaemic control, with employed participants 
having significantly lower odds of achieving optimal 
fasting glucose levels compared to unemployed individ-
uals (aOR = 0.48, 95%CI: 0.25–0.94, p = 0.031). Finally, 
higher perceptions of family support were associated 
with lower odds of achieving an optimal glycaemic 
result. Participants reporting high family support were 
65% less likely to achieve optimal glycemia compared 
to those with low family support (aOR = 0.35, 95%CI: 
0.18–0.70, p = 0.003). The multicollinearity analysis 
indicated minimal correlation among the variables. 
The highest correlation was 0.5153 between sex and 
employment, with VIF values of 1.71 for employment 
and 1.44 for sex.

The multivariable regression sub-analysis for women 
revealed that those residing in urbanised areas had 
higher odds of achieving optimal glycaemic levels 
(aOR = 2.33, 95%CI: 1.23–4.42, p = 0.010), after adjust-
ing for family support (Supplementary File 3, Table S1). 
Women with higher perceptions of family support 
showed a non-significant trend toward lower odds 
of optimal glycaemia (aOR = 0.48, 95%CI: 0.22–1.08, 
p = 0.077). Among men, age, education and employ-
ment status appeared to be significant factors. Men 
with higher education levels had a lower prevalence 
of optimal glycaemic levels (15.6%) compared to those 
with no formal education (43.5%) and primary school 
(31.5%, p = 0.032). Similarly, optimal glycaemia was less 
frequent among employed men (20.4%) than among 
unemployed men (50.0%, p: 0.001). However, these 
associations lost statistical significance when adjusted 
for age (Supplementary File 3, Table S2). Notably, older 
men had significantly higher odds of achieving opti-
mal fasting glycaemia (aOR = 1.04, 95%CI: 1.00–1.08, 
p = 0.045), while unemployment showed a non-signifi-
cant trend toward improved glycaemic outcomes (aOR-
employed = 0.46, 95%CI: 0.18–1.15, p = 0.098).

The sensitivity analysis conducted on individuals aged 
40 or older continued to show that men were more 
likely to achieve optimal glycaemia compared to women 
(OR = 2.91, 95%CI: 1.73–4.89, p < 0.001) (Supplementary 
File 3, Table S3). Age also played a significant role, with 
each additional year increasing the odds of achieving 
optimal glycaemia by 5% (OR = 1.05, 95%CI: 1.02–1.07, 
p < 0.001). As previously seen, higher family support was 
associated with lower odds of achieving optimal glycae-
mic levels, with individuals reporting high family sup-
port being 60% less likely to achieve optimal glycaemia 
compared to those with low family support (OR = 0.40, 
95%CI: 0.19–0.86, p = 0.019) (Supplementary File 3, 
Table S4).
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Table 2  Prevalence of optimal Fasting Capillary Blood Glucose result according to sociodemographic and clinical characteristics 
disaggregated by sex (N = 474)

a 2 missing
b 39 not reported
c 7 missing
d 11 missing
e 5 missing social support (MSPSS scale)
** p value marked in bold when < 0.1 (t-student for age and Fisher’s exact test for the rest)

Total population Women Men

Characteristics N (%) optimal Total p-value** N (%) optimal Total p-value** N (%) optimal Total p-value**

Sex  < 0.001

  Women 46 (13.8) 333 - - - - - -

  Men 40 (28.4) 141 - - - - - -

Age (mean ± SD) (64 ± 15) (60 ± 13)  < 0.001 (60 ± 16) (59 ± 13) 0.459 (68 ± 13) (62 ± 13)  < 0.001

Ethnic groupa 0.453 0.576 0.781

  Mestizo 22 (15.7%) 140 12 (12.0%) 100 10 (25.0%) 40

  Afro 58 (18.8%) 308 31 (14.2%) 218 27 (30.0%) 90

  Indigenous 6 (25.0%) 24 3 (20.0%) 15 3 (33.3%) 9

Setting 0.032 0.011 0.696

  Rural 48 (15.3%) 313 22 (10.1%) 218 26 (27.4%) 95

  Urbanised 38 (23.6%) 161 24 (20.9%) 115 14 (30.4%) 46

Education level 0.144 0.385 0.032

  No formal schooling 22 (25.3%) 87 12 (18.8%) 64 10 (43.5%) 23

  Primary school 48 (17.3%) 278 25 (12.2%) 205 23 (31.5%) 73

  Secondary or higher 16 (14.7%) 109 9 (14.1%) 64 7 (15.6%) 45

Marital status 0.429 0.864 0.117

  Unpartnered 28 (20.6%) 136 15 (14.4%) 104 13 (40.6%) 32

  Partnered 58 (17.2%) 338 31 (13.5%) 229 27 (24.8%) 109

Employment status 1.000 1.000 0.001

  Unemployed 57 (18.3%) 312 38 (13.9%) 274 19 (50.0%) 38

  Employed 29 (17.9%) 162 8 (13.6%) 59 21 (20.4%) 103

Household earningsb 0.214 0.184 0.158

  $100 or less 49 (20.7%) 237 31 (16.6%) 187 18 (36.0%) 50

  More than $100 31 (15.7%) 198 0.942 13 (10.8%) 120 18 (23.1%) 78

T2DM duration, mean in years 
(IQR)c

7 (5–13) 7 (5–11) 0.938 7 (5–12) 7 (5–11) 0.791 6 (5–15) 8 (5–11) 0.908

Free T2DM treatment provided 
by the health centre (self-
reported)d

0.621 1.000 0.337

  Sometimes/never 42 (16.3) 257 23 (12.9) 178 19 (24.1) 79

  Always 38 (18.5) 206 20 (13.4) 149 28 (34.6) 57

Social supporte 0.536 0.869 0.443

  Low 56 (19.1%) 293 29 (14.0%) 207 27 (31.4%) 86

  High 29 (16.5%) 176 16 (13.0%) 122 13 (24.1%) 54

Family supporte 0.025 0.053 0.101

  Low 16 (29.6%) 54 10 (23.8%) 42 6 (50.0%) 12

  High 69 (16.6%) 415 35 (12.2%) 287 34 (26.6%) 128

Friend supporte 1.000 0.367 0.309

  Low 62 (18.1) 343 31 (12.7%) 244 31 (31.3%) 99

  High 23 (18.3) 126 14 (16.5%) 85 9 (22.0%) 41

Other significant supporte 0.700 0.494 0.844

  Low 60 (18.7) 321 33 (14.7%) 225 27 (28.1%) 96

  High 25 (16.9) 148 12 (11.5%) 104 13 (29.6%) 44

TOTAL 86 (18.1%) 474 46 (13.8%) 333 40 (28.4%) 141
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Discussion
Our study found that nearly four-fifths of our sample 
of individuals with T2DM in the Eloy Alfaro District of 
Esmeraldas, Ecuador exhibited suboptimal fasting capil-
lary glucose levels. This result is consistent with findings 
from other studies across Latin America reporting high 
rates of uncontrolled T2DM [8, 23–25]. This alarming 
prevalence highlights the urgent need for context-specific 
interventions that address challenges faced by individuals 
living in these settings for optimal T2DM management. 
Such measures are essential to prevent complications 
related to hyperglycaemia and to improve the quality of 
life for individuals living with diabetes. In this study, opti-
mal glycaemic levels were associated with certain patient 
characteristics, including being male, older age, living in 
urban areas, unemployment, and lower family support. 
These findings point to the complex interplay of demo-
graphic and social factors in diabetes management.

The study area, characterised by its challenging acces-
sibility, is situated within an obesogenic environment 
marked by the high availability of unhealthy foods, alco-
hol, and tobacco, alongside limited access to medical care 
and essential diabetes self-management resources, such 
as monitoring strips and medication [26, 27]. In addition 
to these contextual factors, it is crucial to acknowledge 
that the study was conducted during a period domi-
nated by the COVID-19 pandemic, impacting health-
care access, the ability to work and generate household 
income, and the nature of social relationships due to the 
implemented preventive measures [28, 29]. These cir-
cumstances may have posed additional challenges to 
achieving optimal glycaemic levels, further complicating 
the analysis of associated characteristics.

Our results reveal notable gender-based disparities in 
fasting glucose levels with men having optimal glycemia 
at a frequency four times more frequently than women. 
Women typically experience poorer glycaemic outcomes 
due to social disadvantages, psychosocial challenges, and 
physiological factors [30, 31]. These barriers are further 
exacerbated in rural settings, where deeply ingrained 
traditional gender roles significantly influence diabe-
tes management [32, 33]. For example, in these settings, 
where fieldwork and agricultural activities are prevalent, 
men often have physically demanding jobs that appear 
to contribute more to blood glucose regulation than the 
typically more sedentary activities performed by women 
[26].

In line with the results of other studies, advancing age 
was associated with better glycaemic levels, often due 
to improved disease management [30, 34, 35]. While 
employment is usually related to better glycaemic con-
trol [36], the demands of being employed, such as lack of 
time or permission to attend medical appointments, are 

also recognised as barriers to diabetes management in 
Latin America [5]. This could explain why, in our study, 
employed individuals had poorer glycaemic levels. Inter-
estingly, both older age and unemployment remained 
significantly associated with optimal glycaemia in our 
subgroup analysis of men, but were not detected as pre-
dictors of optimal glycaemic levels among women. It is 
possible that despite no longer being employed in manual 
labour, older men remain active by going to their “finca” 
(plot of land used for subsistence farming), benefit-
ing from more available time [26]. In contrast, women, 
as a result of their lifelong dedication to reproductive 
work, continue to be the family’s primary caregivers and 
often put family and caregiving before their own health, 
regardless of age [37].

Our study identified living in an urbanised setting as a 
factor positively associated with optimal glycemia. This 
finding is consistent with Flood et al., where individuals 
with diagnosed diabetes in rural areas had a 14% lower 
relative risk of achieving glycaemic control compared 
to their urban counterparts [38]. It is possible that any 
social disadvantages may be partially mitigated by the 
easier access to medication and care in urbanised areas, 
where proximity to pharmacies and health centres can 
improve diabetes management. The significance of the 
setting appeared to be particularly important for women, 
which perhaps reflects the entrenched gender roles in 
these isolated rural communities.

Our study did not identify an association between dis-
ease duration and optimal control. Indeed, other studies 
show conflicting results with the direction of association 
here [6, 36]. On one hand, increased disease duration has 
been linked to improved self-management practices, as 
individuals gain experience with their condition; on the 
other hand, it is associated with higher rates of compli-
cations and deteriorating health outcomes over time [23, 
39]. Finally, when we restricted our analysis to individuals 
over 40 years old, living in an urban setting and employ-
ment status were no longer identified as characteristics 
associated with optimal glycemia. It is possible that this is 
due to reduced sample size but it could also suggest these 
factors are more relevant for younger people.

Contrary to numerous studies [40–43], our findings 
reveals an unexpected potential link between higher lev-
els of family social support, particularly among women, 
and suboptimal glycaemic levels. This association may 
be explained by the limitations of the MSPSS tool used 
in our study, as it only measures perceived social support 
from different sources, without distinguishing between 
different types of support (instrumental, emotional, and 
informational). While both objective (tangible) and sub-
jective (perceived) support influence well-being, a more 
comprehensive analysis in this challenging environment, 
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Table 3  Patient characteristics associated with an optimal Fasting Capillary Blood Glucose result (N = 474)

a 2 missing
b 39 not reported
c 7 missing
d 11 missing
§ 5 missing social support (MSPSS scale)
** OR adjusted for variables (sex, age, setting, employment and family support) with sample size of 469 due to 5 missing values in family support

Total

Characteristics OR 95% CI p-value adjusted OR** 95% CI p-value

Sex
  Women 1 1

  Men 2.47 1.53–4.00  < 0.001 3.92 2.08–7.40  < 0.001
Age 1.03 1.01–1.05 0.001 1.03 1.01–1.05 0.006
Ethnic groupa

  Mestizo 1

  Afro 1.24 0.73–2.13 0.425

  Indigenous 1.79 0.64–5.00 0.269

Setting
  Rural 1 1

  Urban 1.71 1.06–2.75 0.028 2.04 1.22–3.40 0.006
Education level
  No formal schooling 1

  Primary school 0.62 0.35–1.10 0.099

  Secondary or higher 0.51 0.25–1.04 0.065

Marital status
  Unpartnered 1

  Partnered 0.80 0.48–1.32 0.382

Employment status
  Unemployed 1 1

  Employed 0.98 0.60–1.60 0.921 0.48 0.25–0.94 0.031
Household earningsb

  $100 or less 1

  More than $100 0.71 0.43–1.17 0.180

T2DM duration, mean in years 
(IQR)c

1.02 0.98–1.05 0.388

Free T2DM treatment provided by the health centre (self-reported)d

  Never/sometimes 1

  Always 1.16 0.71–1.88 0.552

Social supporte

  Low 1

  High 0.84 0.51–1.37 0.474

Family supporte

  Low 1 1

  High 0.47 0.25–0.90 0.022 0.35 0.18–0.70 0.003
Friend supporte

  Low 1

  High 1.01 0.60–1.72 0.965

Other significant supporte

  Low 1

  High 0.88 0.53–1.48 0.638
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characterised by increased management barriers, would 
have benefited from exploring whether perceived sup-
port translates into tangible support, actually helping to 
obtain resources for diabetes treatment as done in other 
rural studies [43, 44]. These results suggest that the role 
of social support may be compromised in a rural, diffi-
cult-to-access setting where needs are largely unmet and 
social support dynamics are primarily family-focused.

The study’s primary limitation lies in the representa-
tiveness of its sample. Although we initially intended to 
capture the entire eligible population, practical fieldwork 
constraints in this region, characterised by dense forests, 
isolated villages, and inadequate data records (a preva-
lent issue in low- and middle-income countries), required 
adjustments to our methodology. For efficiency reasons, 
some isolated communities with a low number of diabe-
tes cases were not visited. This affected 39 individuals, 31 
of them women, in 21 communities, representing 5.2% 
of those in official registers. We might consider that dia-
betes control is even more challenging in these isolated 
communities, and therefore, the exclusion of these com-
munities may have led to an underestimation of the prev-
alence of optimal fasting capillary glucose levels.

Even in the communities that were visited, we were only 
able to recruit individuals who could be located. Overall, 
6.6% of individuals in rural areas and 2.2% in urban areas 
were absent at the time of data collection, while 11.5% of 
those listed in rural areas and 12.0% in urban areas had 
migrated. Additionally, we identified previously unregis-
tered individuals with diabetes in both urban and rural 
areas. These patterns suggest that our sample may be 
biased towards individuals with greater access to health-
care services, potentially leading to an overestimation 
of optimal glycaemic results. Moreover, individuals who 
had died, possibly due to diabetes-related complications, 
were excluded from the study, further contributing to 
potential bias. On the other hand, it is possible that those 
excluded because of migration represent a healthier seg-
ment of the population, as suggested by the "healthy 
migrant effect” [45]. This could have led to an overrepre-
sentation of individuals with poorer health outcomes in 
our sample.

Finally, regarding demographic differences between 
included and excluded participants, we found that the 
proportion of women and men was similar in both 
groups, with no notable differences between urban and 
rural areas. While this suggests that exclusion did not 
introduce systematic bias in terms of sex or geographi-
cal distribution, we cannot rule out differences in other 
demographic or socioeconomic characteristics, which 
were not available for comparison.

While selection bias may have influenced estimates 
of glycaemic outcomes, we are confident that the key 

associations identified in this study remain robust. Some 
of the observed effect sizes, such as those related to gen-
der, were large, making them less susceptible to minor 
variations introduced by selection bias. Furthermore, 
many of our findings align with those reported in previ-
ous studies, as mentioned.

Another limitation of the study is the use of a single 
capillary blood glucose measurement, which reflects 
a single point in time only and could miss other factors 
altering glucose concentrations [46], possibly leading to 
an over or underestimation of the prevalence of subop-
timal glycaemia. Nevertheless, this test was used for all 
participants in the same conditions meaning we can rely 
on the findings our analysis regarding the patient charac-
teristics associated with optimal capillary blood glucose, 
as any measurement bias introduced is non-differential 
and would bias our OR towards the null, meaning the 
true OR is equal to or greater in magnitude.

The cross-sectional design of this study represents a 
significant limitation, as it prevents the determination 
of causal relationships between the factors analysed and 
glycaemic control. While associations were identified, 
there is a clear need for longitudinal studies to clarify the 
temporal dynamics between these variables. Finally, the 
limited sample size, particularly in the male subgroup, 
constrained our ability to conduct robust sex-stratified 
analyses. This reduced statistical power may have hin-
dered the detection of true differences in optimal gly-
cemia between subgroups. Consequently, we chose to 
present the analysis for the total population in the main 
manuscript while including the subgroup analysis find-
ings in the supplementary materials.

Regarding the external validity of our findings, it is 
important to acknowledge that this study was conducted 
in a very specific setting of Ecuador, which may limit its 
generalisability to other contexts. However, isolated, 
culturally diverse communities with limited healthcare 
access, similar to those studied here, are present not only 
in other parts of Ecuador and Latin America but also in 
various regions worldwide. The alignment of our findings 
with other studies enhances their credibility and suggests 
they may be relevant to other rural settings, particularly 
in low- and middle-income countries. The limited availa-
bility of studies examining the psychosocial determinants 
of non-communicable diseases in rural settings, particu-
larly in low- and middle-income countries, highlights the 
critical need for further research in this area.

Conclusions
Our study in Esmeraldas reveals a concerning prevalence 
of suboptimal glycaemic levels, with only 18.1% of the 
participants having glycemia within the optimal range. 
While the exact figure should be interpreted with caution 
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given the recruitment challenges, pandemic context of 
the fieldwork and the reliance on a single FCGB meas-
ure, the findings revealed marked gender disparities, with 
women facing significantly lower chances of maintaining 
optimal blood sugar. Other key social determinants influ-
encing optimal glycaemia in this setting include employ-
ment as a potential barrier, older age as a protective 
factor, urban residency being advantageous compared to 
living in the isolated rural communities, and higher per-
ceived family support unexpectedly showing a negative 
association. These results underscore the complex inter-
actions among health system, social, and environmental 
factors in shaping glycaemic outcomes. Policymakers 
should urge the implementation of gender-specific public 
health strategies and tailored health programs addressing 
contextual factors that contribute to better disease man-
agement, thereby mitigating disparities and improving 
overall health outcomes.

Abbreviations
T2DM	� Type 2 Diabetes Mellitus
CECOMET	� Centre of Community Epidemiology and Tropical Medicine
MSP	� Public Health Ministry (Ministerio de Salud Pública in Spanish)
RDCAA​	� Record of Consultations and Outpatient Care (Registro Dia‑

rio Automatizado de Consultas y Atenciones Ambulatorias in 
Spanish)

MSPSS	� Multidimensional Scale of Perceived Social Support
FCBG	� Fasting Capillary Blood Glucose
ADA	� American Diabetes Association
IQR	� Interquartile range
OR	� Odds Ratio
aOR	� Adjusted Odds Ratio
CFA	� Confirmatory Factor Analysis

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​025-​22324-z.

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Acknowledgements
We would like to thank the respondents who participated in the study for 
their cooperation. The competition of this study could have not been possible 
without the work of the survey team (Roger Quiñónez Díaz, César Cagua Vera, 
Freire Añapa Pianchiche, Yexica Carabalí Cuero, Joel Marret Zamora and Mar‑
iuxi Mina Estupiñán) and the lay health-promotors who accompanied them 
during the fieldwork in their communities (Gertrudis Rúa Chamarro, Nieves 
Navarrete, Paola Bravo Mina, Felisa Caicedo Cangá, Jorge Peralta Cáceres, Car‑
men Ayoví Caicedo, María Sabando Pinargote, Santos Mina, Carmen Valencia, 
Araceli Caicedo, Erenni Cuero Madrid, Dunnia Nazareno, Edgar Añapa De La 
Cruz, Eriberto De La Cruz, Ernesto Tapuyo, Cristina Castillo and Wilton Corozo). 
Also, we would like to thank the former directors of the Eloy Alfaro Health 
District: Johnny Sánchez and Verónica Paz Moran, the district epidemiologist, 
Carlos Lastra, and all the professionals from the health sub-centers who facili‑
tated the completion of the study ( Joao Ontaneda, Geovanna Plaza, Ramona 
Sabando, Cesar Cuellar, María Quiñónez, Luis Toapanta, Ramiro Añapa, Ángel 
Añapa, Eduardo Angarita, Aníbal Coime, Jhonny Betancourt, Elsa Obando, 
Jaen Carlos Rojas, Lindon Corozo, Goretis Estupiñan, Petra Hurtado, Nelly Zam‑
brano, Shirley Mosquera, Marcelo Montoya, Olga Bermudez, Olga Nazareno, 
Melba Castillo and Marux Mina).

Clinical trial number
Not applicable.

Authors’ contributions
LAP conceptualised and designed the study. MP-G managed the dataset and 
analysed the data along with LAP and AB-P. CC-M and MM-F conducted the 
field data collection. EC-R, BL, AB-P CC-M and MM-F contributed to the inter‑
pretation of the study findings. MP-G wrote the initial draft of the manuscript 
and prepared tables and figures; all authors critically reviewed and revised the 
draft, and approved the final version of the manuscript.

Funding
This work was supported by the European Research Council (ERC) under the 
European Union’s Horizon 2020 research and innovation programme [Grant 
number 804761]. MP-G counts with a PhD contract co-financed by the Valen‑
cian Department of Innovation, Universities, Science and Digital Society and 
by the European Social Fund (CIACIF/2021/456).

Data availability
The datasets generated and analysed during the current study are available in 
the Zenodo repository, with the DOI: https://​doi.​org/​10.​5281/​zenodo.​11105​
070.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the principles outlined in the 
Declaration of Helsinki. The study protocol was reviewed and approved by 
the nationally accredited ethical board at the Pontificia Universidad Católica 
de Ecuador (PUCE, reference 2019–27-MB). Participants provided written 
informed consent after being fully informed about the study purpose, proce‑
dures, potential risks, benefits and the right to withdraw at any time.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Public Health, History of Science and Gynaecology, Universi‑
dad Miguel Hernández de Elche, Alicante, Spain. 2 CIBER de Epidemiología y 
Salud Pública (CIBERESP), Madrid, Spain. 3 Centro de Epidemiología Comuni‑
taria y Medicina Tropical (CECOMET), Esmeraldas, Ecuador. 

Received: 19 September 2024   Accepted: 13 March 2025

References
	1.	 Gallardo-Rincón H, Cantoral A, Arrieta A, Espinal C, Magnus MH, Palacios 

C, et al. Review: Type 2 diabetes in Latin America and the Caribbean: 
Regional and country comparison on prevalence, trends, costs and 
expanded prevention. Prim Care Diabetes. 2021;15(2):352–9.

	2.	 Instituto Nacional de Estadística y Censos (INEC). Boletín Técnico Registro 
Estadístico de Defunciones Generales. Quito, Ecuador; 2022.

	3.	 Jeffcoate SL. Diabetes control and complications: the role of glycated 
haemoglobin, 25 years on. Diabetic Medicine. 2004;21(7):657–65. Avail‑
able from: https://onlinelibrary.wiley.com/doi/https://​doi.​org/​10.​1046/j.​
1464-​5491.​2003.​01065.x

	4.	 Committee ADAPP. 2. Classification and Diagnosis of Diabetes: 
Standards of Medical Care in Diabetes—2022. Diabetes Care. 
2022;45(Supplement_1):S17–38. Available from: https://​doi.​org/​10.​2337/​
dc22-​S002. Cited 2024 Feb 13.

	5.	 Blasco-Blasco M, Puig-García M, Piay N, Lumbreras B, Hernández-Aguado 
I, Parker LA. Barriers and facilitators to successful management of type 
2 diabetes mellitus in Latin America and the Caribbean: A systematic 
review. PLoS One. 2020;15(9):e0237542. Available from: http://​www.​ncbi.​
nlm.​nih.​gov/​pubmed/​32886​663

https://doi.org/10.1186/s12889-025-22324-z
https://doi.org/10.1186/s12889-025-22324-z
https://doi.org/10.5281/zenodo.11105070
https://doi.org/10.5281/zenodo.11105070
https://doi.org/10.1046/j.1464-5491.2003.01065.x
https://doi.org/10.1046/j.1464-5491.2003.01065.x
https://doi.org/10.2337/dc22-S002
https://doi.org/10.2337/dc22-S002
http://www.ncbi.nlm.nih.gov/pubmed/32886663
http://www.ncbi.nlm.nih.gov/pubmed/32886663


Page 13 of 14Puig‑García et al. BMC Public Health         (2025) 25:1133 	

	6.	 Cheng LJ, Wang W, Lim ST, Wu VX. Factors associated with glycaemic 
control in patients with diabetes mellitus: A systematic literature review. J 
Clin Nurs. 2019.;28(9–10):1433–50. Available from: https://​pubmed-​ncbi-​
nlm-​nih-​gov.​publi​cacio​nes.​umh.​es/​30667​583/. Cited 2024 Feb 13.

	7.	 Bijlsma-Rutte A, Rutters F, Elders PJM, Bot SDM, Nijpels G. Socio-economic 
status and HbA1c in type 2 diabetes: A systematic review and meta-anal‑
ysis. Diabetes Metab Res Rev. 2018;34(6):e3008. Available from: https://​
onlin​elibr​ary-​wiley-​com.​publi​cacio​nes.​umh.​es/​doi/​full/​10.​1002/​dmrr.​
3008. Cited 2024 Feb 13.

	8.	 G Duarte F, da Silva Moreira S, Almeida M da CC, de Souza Teles CA, 
Andrade CS, Reingold AL, et al. Sex differences and correlates of poor 
glycaemic control in type 2 diabetes: a cross-sectional study in Brazil and 
Venezuela. BMJ Open. 2019;9(3):e023401. Available from: https://​bmjop​
en.​bmj.​com/​lookup/​doi/​10.​1136/​bmjop​en-​2018-​023401

	9.	 Sinclair A, Dunning T, Rodriguez-Mañas L. Diabetes in older people: 
new insights and remaining challenges. Lancet Diabetes Endocrinol. 
2015;3(4):275–85. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​
eve/​pii/​S2213​85871​47017​67

	10.	 Stopford R, Winkley K, Ismail K. Social support and glycemic control in 
type 2 diabetes: A systematic review of observational studies. Patient 
Educ Couns. 2013;93(3):549–58. Available from: https://​doi.​org/​10.​1016/j.​
pec.​2013.​08.​016

	11.	 Brown AF, Ettner SL, Piette J, Weinberger M, Gregg E, Shapiro MF, et al. 
Socioeconomic position and health among persons with diabetes mel‑
litus: a conceptual framework and review of the literature. Epidemiol Rev. 
2004;26:63–77. Available from: https://​pubmed-​ncbi-​nlm-​nih-​gov.​publi​
cacio​nes.​umh.​es/​15234​948/. Cited 2024 Feb 13.

	12.	 Pamungkas R, Chamroonsawasdi K, Vatanasomboon P. A Systematic 
Review: Family Support Integrated with Diabetes Self-Management 
among Uncontrolled Type II Diabetes Mellitus Patients. Behavioral Sci‑
ences. 2017;7(4):62. Available from: http://​www.​mdpi.​com/​2076-​328X/7/​
3/​62

	13.	 Whitehead L, Jacob E, Towell A, Abu-qamar M, Cole-Heath A. The role of 
the family in supporting the self-management of chronic conditions: A 
qualitative systematic review. J Clin Nurs. 2018;27(1–2):22–30. Available 
from: https://​pubmed.​ncbi.​nlm.​nih.​gov/​28231​630/. Cited 2023 Feb 7.

	14.	 DiMatteo MR. Social Support and Patient Adherence to Medical Treat‑
ment: A Meta-Analysis. Health Psychology. 2004;23(2):207–18. Available 
from: https://​doi.​apa.​org/​doi/​10.​1037/​0278-​6133.​23.2.​207

	15.	 Puig-García M, Caicedo-Montaño C, Márquez-Figueroa M, Chilet-Rosell 
E, Montalvo-Villacis G, Benazizi-Dahbi I, et al. Prevalence and gender 
disparities of type 2 diabetes mellitus and obesity in Esmeraldas, Ecuador: 
a population-based survey in a hard-to-reach setting. Int J Equity Health. 
2023;22(1):124. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​
37393​298

	16.	 Instituto Nacional de Estadísticas y Censos de Ecuador (INEC). Proyec‑
ciones y Estudios Demográficos - Sistema Nacional de Información. 
Available from: https://​sni.​gob.​ec/​proye​ccion​es-y-​estud​ios-​demog​rafic​os. 
Cited 2023 Apr 6.

	17.	 Instituto Nacional de Estadística y Censos (INEC). Principales resultados 
de la Encuesta Nacional de Empleo, Desempleo y Subempleo - Anual. 
2023. Available from: https://​www.​ecuad​orenc​ifras.​gob.​ec/​docum​entos/​
web-​inec/​EMPLEO/​2023/​anual/​Princ​ipales_​resul​tados_​de_​Merca​do_​
Labor​al_y_​Pobre​za_​Anual_​2023.​pdf

	18.	 Bernal-Soriano MC, Barrera-Guarderas F, Alonso-Jaquete A, Chilet-Rosell E, 
Benazizi I, Caicedo-Montaño C, et al. Contextualizing Evidence for Action 
on Diabetes in Low-Resource Settings-Project CEAD Part-II, Strengthen‑
ing the Health System: A Mixed-Methods Study Protocol. Public Health. 
2021;18. Available from: https://​doi.​org/​10.​3390/​ijerp​h1807​3391. Cited 
2024 Feb 13.

	19.	 Pública M de S. Guía de Práctica Clínica (GPC) de Diabetes mellitus tipo 2. 
Vol. 1, Dirección Nacional de Normatización. Quito, Ecuador; 2017. Avail‑
able from: http://​salud.​gob.​ec

	20.	 Zimet GD, Dahlem NW, Zimet SG, Farley GK. The Multidimensional Scale 
of Perceived Social Support. J Pers Assess. 1988;52(1):30–41.

	21.	 Arechabala Mantuliz MC, Miranda Castillo C. Validación de una escala de 
apoyo social percibido en un grupo de adultos mayores adscritos a un 
programa de hipertensión de la región metropolitana. Ciencia y enferme‑
ría. 2002;8(1). Available from: http://​www.​scielo.​cl/​scielo.​php?​script=​sci_​
artte​xt&​pid=​S0717-​95532​00200​01000​07&​lng=​en&​nrm=​iso&​tlng=​en

	22.	 Ortiz Parada MS, Baeza Rivera MJ. Propiedades psicométricas de una 
escala para medir apoyo social percibido en pacientes chilenos con 
diabetes tipo 2. Universitas Psychologica. 2010;10(1):189–96.

	23.	 Aschner P, Gagliardino JJ, Ilkova H, Lavalle F, Ramachandran A, Mbanya 
JC, et al. Persistent poor glycaemic control in individuals with type 2 
diabetes in developing countries: 12 years of real-world evidence of the 
International Diabetes Management Practices Study (IDMPS). Diabetolo‑
gia. 2020;63(4):711–21. Available from: http://link.springer.com/https://​
doi.​org/​10.​1007/​s00125-​019-​05078-3

	24.	 Lopez Stewart G, Tambascia M, Rosas Guzmán J, Etchegoyen F, Ortega 
Carrión J, Artemenko S. Control of type 2 diabetes mellitus among gen‑
eral practitioners in private practice in nine countries of Latin America. 
Revista Panamericana de Salud Pública. 2007;22(1). Available from: http://​
www.​sciel​osp.​org/​scielo.​php?​script=​sci_​artte​xt&​pid=​S1020-​49892​00700​
06000​02&​lng=​en&​nrm=​iso&​tlng=​en

	25.	 Moreira ED, Neves RCS, Nunes ZO, de Almeida MCC, Mendes ABV, 
Fittipaldi JAS, et al. Glycemic control and its correlates in patients with 
diabetes in Venezuela: Results from a nationwide survey. Diabetes Res 
Clin Pract. 2010;87(3):407–14. Available from: https://​linki​nghub.​elsev​ier.​
com/​retri​eve/​pii/​S0168​82270​90053​97

	26.	 Puig-García M, Parker LA, Caicedo-Montaño C, Márquez-Figueroa M, 
Chilet-Rosell E. Hard-to-reach communities in the rural Ecuador: A quali‑
tative perspective on dietary habits and physical activity. Health Place. 
2025;91:103386. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​eve/​
pii/​S1353​82922​40021​44

	27.	 Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic 
of obesity in developing countries. Nutr Rev. 2012;70(1):3–21. Available 
from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​22221​213

	28.	 Puig-García M, Rivadeneira MF, Peralta A, Chilet-Rosell E, Benazizi-Dahbi 
I, Hernández-Enríquez M, et al. Access to health services for chronic 
disease care during the COVID-19 pandemic in Ecuador: A qualitative 
analysis using a Social Determinants of Health approach. Glob Public 
Health. 2023;18(1):2224859. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​37344​363

	29.	 Sanchís-Ramón MJ, Chilet-Rosell E, Peralta A, Puig-García M, Rivade‑
neira MF, Caicedo C, et al. Social Determinants as Mediators of the 
Emotional State of People With Type 2 Diabetes and/or Hypertension 
During the COVID-19 Pandemic in Ecuador and Spain. Health Expect. 
2024;27(6):e70123. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pub‑
med/​39660​687

	30.	 G Duarte F, da Silva Moreira S, Almeida M da CC, de Souza Teles CA, 
Andrade CS, Reingold AL, et al. Sex differences and correlates of poor 
glycaemic control in type 2 diabetes: a cross-sectional study in Brazil and 
Venezuela. BMJ Open. 2019;9(3):e023401. Available from: https://​bmjop​
en.​bmj.​com/​lookup/​10.​1136/​bmjop​en-​2018-​023401

	31.	 Gonzalez-Zacarias AA, Mavarez-Martinez A, Arias-Morales CE, Stoicea N, 
Rogers B. Impact of Demographic, Socioeconomic, and Psychological 
Factors on Glycemic Self-Management in Adults with Type 2 Diabetes 
Mellitus. Front Public Health. 2016;4. Available from: http://​journ​al.​front​
iersin.​org/​Artic​le/​10.​3389/​fpubh.​2016.​00195/​abstr​act

	32.	 Marchionni M, Gasparini L, Edo M. Brechas de género en América Latina. 
Un estado de situación. Caracas: CAF; 2019. Available from: https://​sciot​
eca.​caf.​com/​handle/​12345​6789/​1401

	33.	 Radcliffe SA. El Género Y La Etnicidad Como Barreras Para El Desarrollo: 
Mujeres Indígenas, Acceso A Recursos En Ecuador En Perspectiva Lati‑
noamericana. Eutopía - Revista de Desarrollo Económico Territorial. 2014;(5). 
Available from: http://​revis​tas.​flacs​oandes.​edu.​ec/​eutop​ia/​artic​le/​view/​1486

	34.	 Naranjo DM, Jacobs EA, Fisher L, Hessler D, Fernandez A. Age and 
Glycemic Control Among Low-Income Latinos. J Immigr Minor Health. 
2013;15(5):898–902. Available from: http://​link.​sprin​ger.​com/​10.​1007/​
s10903-​012-​9689-0

	35.	 Mugo MH. A comprehensive of Age-Related Differences in Glycemic 
Control and Complications in Type 2 Diabetes. IDOSR JOURNAL OF 
APPLIED SCIENCES. 2024;9(3):35–40. Available from: https://​www.​idosr.​
org/a-​compr​ehens​ive-​of-​age-​relat​ed-​diffe​rences-​in-​glyce​mic-​contr​ol-​
and-​compl​icati​ons-​in-​type-2-​diabe​tes/

	36.	 Bijlsma-Rutte A, Rutters F, Elders PJM, Bot SDM, Nijpels G. Socio‐economic 
status and HbA 1c in type 2 diabetes: A systematic review and meta‐
analysis. Diabetes Metab Res Rev. 2018;34(6). Available from: https://​onlin​
elibr​ary.​wiley.​com/​10.​1002/​dmrr.​3008

https://pubmed-ncbi-nlm-nih-gov.publicaciones.umh.es/30667583/
https://pubmed-ncbi-nlm-nih-gov.publicaciones.umh.es/30667583/
https://onlinelibrary-wiley-com.publicaciones.umh.es/doi/full/10.1002/dmrr.3008
https://onlinelibrary-wiley-com.publicaciones.umh.es/doi/full/10.1002/dmrr.3008
https://onlinelibrary-wiley-com.publicaciones.umh.es/doi/full/10.1002/dmrr.3008
https://bmjopen.bmj.com/lookup/doi/10.1136/bmjopen-2018-023401
https://bmjopen.bmj.com/lookup/doi/10.1136/bmjopen-2018-023401
https://linkinghub.elsevier.com/retrieve/pii/S2213858714701767
https://linkinghub.elsevier.com/retrieve/pii/S2213858714701767
https://doi.org/10.1016/j.pec.2013.08.016
https://doi.org/10.1016/j.pec.2013.08.016
https://pubmed-ncbi-nlm-nih-gov.publicaciones.umh.es/15234948/
https://pubmed-ncbi-nlm-nih-gov.publicaciones.umh.es/15234948/
http://www.mdpi.com/2076-328X/7/3/62
http://www.mdpi.com/2076-328X/7/3/62
https://pubmed.ncbi.nlm.nih.gov/28231630/
https://doi.apa.org/doi/10.1037/0278-6133.23.2.207
http://www.ncbi.nlm.nih.gov/pubmed/37393298
http://www.ncbi.nlm.nih.gov/pubmed/37393298
https://sni.gob.ec/proyecciones-y-estudios-demograficos
https://www.ecuadorencifras.gob.ec/documentos/web-inec/EMPLEO/2023/anual/Principales_resultados_de_Mercado_Laboral_y_Pobreza_Anual_2023.pdf
https://www.ecuadorencifras.gob.ec/documentos/web-inec/EMPLEO/2023/anual/Principales_resultados_de_Mercado_Laboral_y_Pobreza_Anual_2023.pdf
https://www.ecuadorencifras.gob.ec/documentos/web-inec/EMPLEO/2023/anual/Principales_resultados_de_Mercado_Laboral_y_Pobreza_Anual_2023.pdf
https://doi.org/10.3390/ijerph18073391
http://salud.gob.ec
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-95532002000100007&lng=en&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-95532002000100007&lng=en&nrm=iso&tlng=en
https://doi.org/10.1007/s00125-019-05078-3
https://doi.org/10.1007/s00125-019-05078-3
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=S1020-49892007000600002&lng=en&nrm=iso&tlng=en
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=S1020-49892007000600002&lng=en&nrm=iso&tlng=en
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=S1020-49892007000600002&lng=en&nrm=iso&tlng=en
https://linkinghub.elsevier.com/retrieve/pii/S0168822709005397
https://linkinghub.elsevier.com/retrieve/pii/S0168822709005397
https://linkinghub.elsevier.com/retrieve/pii/S1353829224002144
https://linkinghub.elsevier.com/retrieve/pii/S1353829224002144
http://www.ncbi.nlm.nih.gov/pubmed/22221213
http://www.ncbi.nlm.nih.gov/pubmed/37344363
http://www.ncbi.nlm.nih.gov/pubmed/37344363
http://www.ncbi.nlm.nih.gov/pubmed/39660687
http://www.ncbi.nlm.nih.gov/pubmed/39660687
https://bmjopen.bmj.com/lookup/10.1136/bmjopen-2018-023401
https://bmjopen.bmj.com/lookup/10.1136/bmjopen-2018-023401
http://journal.frontiersin.org/Article/10.3389/fpubh.2016.00195/abstract
http://journal.frontiersin.org/Article/10.3389/fpubh.2016.00195/abstract
https://scioteca.caf.com/handle/123456789/1401
https://scioteca.caf.com/handle/123456789/1401
http://revistas.flacsoandes.edu.ec/eutopia/article/view/1486
http://link.springer.com/10.1007/s10903-012-9689-0
http://link.springer.com/10.1007/s10903-012-9689-0
https://www.idosr.org/a-comprehensive-of-age-related-differences-in-glycemic-control-and-complications-in-type-2-diabetes/
https://www.idosr.org/a-comprehensive-of-age-related-differences-in-glycemic-control-and-complications-in-type-2-diabetes/
https://www.idosr.org/a-comprehensive-of-age-related-differences-in-glycemic-control-and-complications-in-type-2-diabetes/
https://onlinelibrary.wiley.com/10.1002/dmrr.3008
https://onlinelibrary.wiley.com/10.1002/dmrr.3008


Page 14 of 14Puig‑García et al. BMC Public Health         (2025) 25:1133 

	37.	 Pérez-Gil SE, Coria SD urdanivia, Nutr L, Rural M Des. Estudios sobre ali‑
mentación y nutrición en México : una mirada a través del género. Salud 
Publica Mex. 2007;49(6):445–53.

	38.	 Flood D, Geldsetzer P, Agoudavi K, Aryal KK, Brant LCC, Brian G, et al. Rural-
Urban Differences in Diabetes Care and Control in 42 Low- and Middle-
Income Countries: A Cross-sectional Study of Nationally Representative 
Individual-Level Data. Diabetes Care. 2022;45(9):1961–70. Available from: 
https://​diabe​tesjo​urnals.​org/​care/​artic​le/​45/9/​1961/​147155/​Rural-​Urban-​
Diffe​rences-​in-​Diabe​tes-​Care-​and

	39.	 Shamshirgaran SM, Mamaghanian A, Aliasgarzadeh A, Aiminisani N, 
Iranparvar-Alamdari M, Ataie J. Age differences in diabetes-related 
complications and glycemic control. BMC Endocr Disord. 2017;17(1):25. 
Available from: http://​bmcen​docrd​isord.​biome​dcent​ral.​com/​artic​les/​10.​
1186/​s12902-​017-​0175-5

	40.	 Onyango JT, Namatovu JF, Besigye IK, Kaddumukasa M, Mbalinda SN. 
Social support from family, associated factors and relationship with glyce‑
mic control among diabetic patients in Uganda: a cross-sectional study. 
Pan African Med J. 2023;45. Available from: https://​www.​panaf​rican-​med-​
journ​al.​com/​conte​nt/​artic​le/​45/​72/​full

	41.	 Gomes LC, Coelho ACM, Gomides D dos S, Foss-Freitas MC, Foss MC, Pace 
AE. Contribution of family social support to the metabolic control of peo‑
ple with diabetes mellitus: A randomized controlled clinical trial. Applied 
Nursing Research. 2017;36:68–76. Available from: https://​linki​nghub.​elsev​
ier.​com/​retri​eve/​pii/​S0897​18971​63038​22

	42.	 Buichia-Sombra FG, Ortiz-Félix RE, García-Sarmiento JL, Miranda-Cota GA, 
Miranda-Félix PE. Revisión sistemática sobre la relación entre el apoyo 
social y el control glucémico en pacientes con diabetes mellitus tipo 2. 
Nure Investigación. 2020;17(105).

	43.	 Cervantes-Becerra RG, Martínez-Martínez ML. Asociación de apoyo social 
y control glucémico en el paciente con diabetes mellitus tipo 2. Aten 
Primaria. 2012;44(4):237–8. Available from: https://​linki​nghub.​elsev​ier.​
com/​retri​eve/​pii/​S0212​65671​10035​44

	44.	 Mendoza Catalán G, López López WE, López-Avelino GA, Hernández 
Carvajal E, González Baños AY, Gutiérrez Valverde JM. APOYO SOCIAL EN 
LA DIABETES MELLITUS TIPO 2 DE CUATRO COMUNIDADES DE OAXACA, 
MÉXICO. Horiz Enferm. 2019;30(2):128–37. Available from: http://​ojs.​uc.​cl/​
index.​php/​Horiz_​Enferm/​artic​le/​view/​11912

	45.	 Palloni A, Arias E. Paradox lost: Explaining the Hispanic adult mortality 
advantage. Demography. 2004;41(3):385–415. Available from: https://​
link-​sprin​ger-​com.​publi​cacio​nes.​umh.​es/​artic​le/​10.​1353/​dem.​2004.​0024. 
Cited 2025 Feb 28.

	46.	 Sacks DB. A1C Versus Glucose Testing: A Comparison. Diabetes Care. 
2011;34(2):518–23. Available from: https://​diabe​tesjo​urnals.​org/​care/​artic​
le/​34/2/​518/​39254/​A1C-​Versus-​Gluco​se-​Testi​ng-A-​Compa​rison

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://diabetesjournals.org/care/article/45/9/1961/147155/Rural-Urban-Differences-in-Diabetes-Care-and
https://diabetesjournals.org/care/article/45/9/1961/147155/Rural-Urban-Differences-in-Diabetes-Care-and
http://bmcendocrdisord.biomedcentral.com/articles/10.1186/s12902-017-0175-5
http://bmcendocrdisord.biomedcentral.com/articles/10.1186/s12902-017-0175-5
https://www.panafrican-med-journal.com/content/article/45/72/full
https://www.panafrican-med-journal.com/content/article/45/72/full
https://linkinghub.elsevier.com/retrieve/pii/S0897189716303822
https://linkinghub.elsevier.com/retrieve/pii/S0897189716303822
https://linkinghub.elsevier.com/retrieve/pii/S0212656711003544
https://linkinghub.elsevier.com/retrieve/pii/S0212656711003544
http://ojs.uc.cl/index.php/Horiz_Enferm/article/view/11912
http://ojs.uc.cl/index.php/Horiz_Enferm/article/view/11912
https://link-springer-com.publicaciones.umh.es/article/10.1353/dem.2004.0024
https://link-springer-com.publicaciones.umh.es/article/10.1353/dem.2004.0024
https://diabetesjournals.org/care/article/34/2/518/39254/A1C-Versus-Glucose-Testing-A-Comparison
https://diabetesjournals.org/care/article/34/2/518/39254/A1C-Versus-Glucose-Testing-A-Comparison

	Characteristics associated with optimal blood sugar in individuals living with type 2 diabetes in hard-to-reach rural communities: results of a cross-sectional study in Esmeraldas, Ecuador
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Aim
	Study design
	Setting
	Participants
	Eligibility criteria
	Study size and sampling strategy

	Data collection
	Variables
	Data analysis

	Results
	Optimal capillary glucose levels and associated factors

	Discussion
	Conclusions
	Acknowledgements
	References


