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RESUMEN

Obijetivo: Describir la calidad de cuidado de diabetes de acuerdo al nivel de
atencidn en seis regiones peruanas.

Métodos: Estudio transversal de pacientes con diabetes mellitus tipo 2 en
establecimientos de salud de diferentes niveles de atencidn en seis regiones
del Perd. La data fue recolectada por personal de salud entrenado entre
2012 y 2016. Estudiamos seis parametros de calidad de control de diabetes
y cuatro parametros de adecuado control de diabetes considerando al nivel
de atencion como el evento de interés. Estimamos la razon de prevalencia
a intervalos de confianza de 95% utilizando |a regresién de Poisson con
varianza robusta.

Resultados: Data de 8879 pacientes con diabetes mellitus tipo 2 fue
analizada. De ellos, 8096 (91,2%) fueron atendidos en establecimientos de
salud del primer nivel. La proporcion de pacientes a los que se les realizaba
la toma de HbAlc, LDL-c y creatinina/microalbuminuria incrementaba
conforme aumentaba el nivel de atencion. En general, 39%-56% de
pacientes tenian adecuados niveles de HbAlc, siendo mayor el porcentaje
de control en el tercer nivel de atencion a comparacion del primer nivel de
atencion.

Conclusiones: Conforme mayor es el nivel de atenciéon, mayor es la
frecuencia de toma de parametros laboratoriales de control de la DM2 para
4 de las 5 variables: glucosa en ayunas, HbAlc, LDL-c y creatinina o
microalbuminuria. Conforme mayor es el nivel de atenciéon, mayor es la
frecuencia de parametros de adecuado control de diabetes para 3 de las 4
variables: glucosa <130 mg/dL, HbAlc< 7%, LDL-c <100 mg/dl. Se
evidencian severas deficiencias en el primer nivel de atencién: tanto parala
toma de pardametros de control como para el alcance de objetivos de
control de la DM2, generando una calidad de control sub 6ptima.

Palabras clave: diabetes mellitus tipo 2, sistemas de salud, cuidado de
diabetes, cuidado de salud




ABSTRACT

Obijective: To characterize diabetes care across healthcare facilities in six
Peruvian regions.

Methods: Cross-sectional study of patients with type 2 diabetes mellitus
(T2DM), ranging from primary care facilities to hospital-based facilities, in
six Peruvian regions. Data was collected by health staff trained between
2012 and 2016.We studied six diabetes care outcomes and four adequate
diabetes care outcomes considering the healthcare facility as the exposure
of interest. We estimated prevalence ratios (PR) and their 95% confidence
intervals (95% Cl) using Poisson regression with robust variance.

Results: Data from 8879 patients with T2DM, mean age 59.1 years (SD +
12.2), 53.6% males, was analyzed. Of these, 8096 (91.2%) were treated at
primary care facilities. The proportions of patients who had HbA1lc, LDL-c,
and creatinine/microalbumin test performed increased with the setting of
the healthcare facility. Overall, 39%-56% of patients had an adequate
HbAlc control, being higher in hospital-based facilities with specialists in
comparison to primary care facilities.

Conclusions: We observed that the higher the setting of the facility, the
higher the rate of the assessed diabetes care outcomes and adequate

diabetes care for four of the six targets (fasting glucose, HbAlc, LDL-c and
creatinine or microalbumin) and for three of the four targets (glucose<130
mg/dL, HbAlc <7%(53 mmol/mol) and LDL-c <100 mg/dL), respectively.
Substantial gaps were observed at the primary care facilities, calling for the
strengthening of diabetes care.

Keywords: type 2 diabetes mellitus, health systems, diabetes care,
healthcare
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ABSTRACT

Objective: To characterize diabetes care across healthcare facilities in six Peruvian regions.
Methods: Cross-sectional study of patients with type 2 diabetes mellitus (T2DM), ranging from primary
care facilities to hospital-based facilities, in six Peruvian regions. Data was collected by health staff trained
between 2012 and 2016. We studied six diabetes care outcomes and four adequate diabetes care outcomes
considering the healthcare facility as the exposure of interest. We estimated prevalence ratios (PR) and
their 95% confidence intervals (95% CI) using Poisson regression with robust variance.
Results: Data from 8879 patients with T2DM, mean age 59.1 years (SD & 12.2), 53.6% males, was analyzed.
Of these, 8096 (91.2%) were treated at primary care facilities. The proportions of patients who had HbAlc,
LDL-c, and creatinine/microalbumin test performed increased with the setting of the healthcare facility.
Overall, 39%-56% of patients had an adequate HbA1c control, being higher in hospital-based facilities
with specialists in comparison to primary care facilities.
Conclusions: We observed that the higher the setting of the facility, the higher the rate of the assessed
diabetes care outcomes and adequate diabetes care for four of the six targets (fasting glucose, HbAlc,
LDL-c and creatinine or microalbumin) and for three of the four targets (glucose<130 mg/dL, HbAlc
<7%(53 mmol/mol) and LDL-c <100 mg/dL), respectively. Substantial gaps were observed at the primary
care facilities, calling for the strengthening of diabetes care.

© 2020 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.

1. Introduction

lar assessments of fasting glucose, glycated haemoglobin (HbA1c),
plasma serum low density lipoprotein cholesterol (LDL-c), creati-

Type-2 diabetes mellitus (T2DM) is a major public health prob-
lem, with about 422 million cases in 2014 worldwide, of which
46% are not aware of their diagnosis [1]. Diabetes care includes
glycaemic and metabolic control in order to diminish morbid-
ity and mortality from diabetic complications [2], and guidelines
recommend that nonpregnant adults with diabetes have regu-

* Corresponding author at: Universidad Peruana Cayetano Heredia, Av.
Armendariz 445, Miraflores, Lima 18, Peru.
** Corresponding author at: Universidad Nacional Mayor de San Marcos, Av
Arnaldo Marquez 1031, Jesus Maria, Lima 11, Peru.
E-mail addresses: jcalderont@gmail.com (J.R. Calderon-Ticona),
maria.lazo@upch.pe (M. Lazo-Porras).
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nine or microalbumin, foot evaluation, and eye evaluation [3].
Regretfully, diabetes care has its limitations, primarily but not
limited to low- and middle-income countries (LMICs) [4-6], due to
deficiencies in health systems [1], barriers to access, poor health
care quality [7,8], financial and human resources limitations in
primary health care facilities where there is no clinical practice
guideline for management of diabetes complications [9,10], and
emphasis on higher complex facilities [ 11]. Data from a monitoring
program of the quality of care of persons with T2DM (QUALIDIAB)
from six Latin America countries, including Argentina, Brazil, Chile,
Colombia, Paraguay, and Uruguay, have shown a deficit in the
access to diabetes care and a poor metabolic control, defined as

1751-9918/© 2020 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.
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HbA1c <6.5% (48 mmol/mol) and LDL < 100 mg/dl, in 13,513 reg-
istries [4].

Peru is a LMIC with a rise in T2DM prevalence, similar to other
countries across the Americas which it has been two times larger in
2014 than in 1980, especially in English-speaking Caribbean coun-
tries [12], and an increase in diabetes-related mortality in recent
decades [13,14]. Yet, few studies on diabetes care have been con-
ducted throughout the country. An epidemiological surveillance
performed in five Peruvian cities included 2864 patients with T2DM
and reported that between 66%-73% of patients with T2DM had
HbA1c >7% (53 mmol/mol) [15]. Also, a study at a Peruvian public
hospital in Lima included 123 patients with T2DM, and found that
only 15% had adequate HbA1c, blood pressure, and adequate lipid
control according to the international guidelines [16].

A systematic review has reported deficiencies in the quality of
diabetes care in LMICs of Asia and the Middle East, such as Nepal
and Bangladesh, in which data of primary health care facilities were
underrepresented [17]. Likewise, similar findings were reported in
Central and South America, with a limited number of studies focus-
ing on diabetes care in rural areas [18]. Evidence about diabetes
care arising from countries with a diversity of geographical regions,
including urban and rural areas, and the range of facilities where
care is provided, is needed. The absence of this information ham-
pers a comprehensive assessment of diabetes care and limits the
design of interventions to improve diabetes care, especially in pri-
mary health care. Thus, our study aims to describe diabetes care
and adequate diabetes care and compare it across facility settings
in six Peruvian regions.

2. Methods
2.1. Design and setting

This is a cross-sectional study, a secondary analysis of the data
collected as part of a diabetes educators training project (FREDI
Project) [19]. The FREDI Project aimed to improve the knowledge
of diagnosis and management of diabetes among health care pro-
fessionals of different facilities, in six Peruvian regions, i.e. Piura, La
Libertad, Lambayeque, Lima, Arequipa, and Cusco. These regions
were selected because of their high prevalence of diabetes (see
Supplementary Table 1).

Primary care facilities in the Peruvian Health system have con-
centrated 96.5% of the medical insurance offered by the Ministry of
Health (MOH) in 2017; and the provision of care has been more fre-
quent at primary care facilities and secondary health care facilities
with 82.3% and 11.4%, respectively.

2.2. Patients

Subjects were patients with T2DM that attended outpatient con-
sultations with health professionals trained by the FREDI Project
between 2012 and 2016. For the present analysis, we included
adults >18 years old who attended the Ministry of Health (MoH)
facilities and who had at least one year of diagnosis of T2DM. The
MoH is one of the main actors in the Peruvian health system, which
serves about 54.3% of the Peruvian population [20].

2.3. Data collection

For the FREDI project, a multidisciplinary team of International
Diabetes Federation (IDF) composed of certified professionals
(endocrinologists, nurses, and nutritionists); trained 1095 health
professionals (general physicians, specialists, nurses, and nutri-
tionists) from 326 MoH health facilities including primary care,
secondary health care, and hospital-based facilities, of the six Peru-
vian regions mentioned previously.

Primary Care Diabetes xxx (XXXX) XXX—XXX

The training consisted of a face-to-face workshop course of 36
h of duration, performed in each region during 2012. The course
included lectures of screening, diagnosis, non-pharmacological
and pharmacological treatment of T2DM, and patient education
about diabetes and diabetic foot, based on the latest American
Diabetes Association (ADA) guidelines. In addition, health profes-
sionals were trained in effective methodologies for the collection
of clinical data applying the QUALIDIAB epidemiological survey
[4] in their outpatients. After the training, health care profession-
als were asked to collect information from their T2DM patients
using a standardized survey. Between 2012 and 2016, all trained
health professionals were asked to apply the QUALIDIAB survey
to their patients with diabetes. The survey sheets were then sent
to the MoH Regional Coordinator for non-communicable diseases
and later sent to ADIPER each month for their quality evaluation
and entry into a database.

2.4. Study variables

We used the QUALIDIAB epidemiological survey, developed by
the QUALIDIAB network and designed to evaluate the quality of dia-
betes care in Latin America [4]. This tool collects sociodemographic,
clinical, therapeutic, and diabetes care data. We evaluated six
outcomes of diabetes care, all of which were collected as dichoto-
mous variables according to whether they had been measured
anytime during the last year: fasting glucose, HbA1c, LDL-c, creati-
nine or microalbumin, foot evaluation, and eye evaluation. Trained
health professionals who were in charge of filling the surveys col-
lected these data retrospectively through patient interviews and
the review of clinical records.

Also, through the evaluation of the clinical records, we were
able to construct four outcomes of adequate diabetes care during
the past year: fasting glucose >80 mg/dL and <130 mg/dL, HbAlc
<7% (53 mmol/mol), LDL-c <100 mg/dL, and the estimated glomeru-
lar filtration rate (eGFR) calculated using the MDRD formula >90
mL/min/1.73 m [2]. These cutoff values were obtained from the
ADA guidelines [3]. The proportion of patients with adequate val-
ues were calculated from those who had these evaluations. The
most recent values registered in the last 12 months were used.

We also assessed the setting of the facility where the patient
received care, which was categorized using Peru’s technical norm
of categories of MoH health facilities [21] as i) Primary care facil-
ities, which should perform the diagnosis and first treatment of
frequent low-complexity health problems, lacks day hospitaliza-
tion and endocrinologists; ii) Secondary health care facilities, which
have day hospitalization and is based on the attention of four basic
specialties, e.g. internal medicine, gynecology, general surgery, and
pediatrics; iii) Hospital-based facilities without specialists, those
who have physicians of different specialties that provide compre-
hensive, highly specialized care to ambulatory and hospitalized
patients, but lacks endocrinologists; and, iv) Hospital-based facili-
ties with specialists, facilities with endocrinologists, as the previous
one but with at least one endocrinologist.

Other variables of interest were the Peruvian region where the
survey was applied (Arequipa, Cusco, La Libertad, Lambayeque,
Lima, or Piura), age, gender, obesity (body mass index >30 kg/m2),
and years since diabetes diagnosis (1-5, 6-14, and >15 years).

2.5. Statistical analysis

Variables were described using frequencies. Bivariate analyses
between sociodemographic and clinical characteristics and facility
settings were performed using chi-squared tests.

Six diabetes care outcomes and four adequate diabetes care
outcomes were compared across facility settings using crude and
adjusted prevalence ratios (PRs) and their 95% confidence inter-
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vals (95% CI), which were estimated using Poisson regression with
robust variance. The models were adjusted by region, age and years
since diagnosis. All analyses were performed with the software
STATA v14 (StataCorp LP, College Station, TX, EE. UU).

2.6. Ethical considerations

The FREDI Project database did not collect names or other vari-
ables that allowed the identification of individuals. The protocol of
this secondary analysis was approved by the ethics committee of
the Hospital Nacional Arzobispo Loayza in Lima, Peru.

3. Results
3.1. General characteristics of study participants

A total of 1095 healthcare professionals participated in the
study. Each healthcare professional surveyed a median of 8 patients
(interquartile range 3-24), reaching a total of 10,973 participants,
from which 2094 were excluded from the analysis: 51 had no data
regarding facility setting, 154 were <18 years old, 310 had type 1
diabetes, 1577 had less than one year of T2DM diagnosis, and two
were not seen at MoH facilities. Therefore, data from 8879 patients
were analyzed (Fig. 1).

Among the 8879 included patients, 8096 (91.2%) were treated at
primary care facilities, 254 (2.9%) in secondary health care facilities,
285 (3.2%) in hospital-based facilities without specialists, and 244
(2.8%) in hospital-based facilities with specialists. The mean age
of participants was 59.1 + 12.2 years, 4762 (53.6%) were males,
5034 (56.7%) had between 1 to 5 years living with a diagnosis of
T2DM, and the regions with the highest number of patients were
Lima (52.7%) and Lambayeque (28.5%). Some patient characteristics
were heterogeneous across facilities types (Table 1).

Table 1
Characteristics of studied population by care facility setting.

Primary Care Diabetes xxx (XXXX) XXX—XXX

Subjects enrolled
(N=10,973)

Excluded for not having data about
establishment category (n =51)

!

Excluded by another criteria (n = 2,043)
Age <18 years old = 154

Type 1 Diabetes =310

<1 year of diagnosis =1,577

Patient did not received care in
Ministery of Health facilities = 2

A 4

v

Subjects included
(N=8879)

Fig. 1. Flow chart of study participants.

3.2. Diabetes care in the last 12 months

In the primary care facilities only 38% of the patients received
medication and 13% had self-blood glucose monitoring (Fig. 2).

Across the four types of healthcare facilities, the proportion of
patients with each evaluation assessed during the last year ranged
between 79%-94% for fasting glucose, 22%-53% for HbA1c, 28%-48%
for LDL-c, 31%-51% for creatinine/microalbumin, 5%-13% for foot
evaluation, and 4%-11% for eye evaluation (see Supplementary Fig.
1).

Characteristic Total (n = 8879) Healthcare facility categories

Primary care Secondary health Hospital-based Hospital-based p-value
facility (n = 8096) care facility (n = facility without facility with
254) specialist (n = 285) specialist (n = 244)
Age in years (mean 59.1+£12.2 589 +12.2 61.5+10.9 60.4 +11.7 613 +£125 <0.001
+SD)
Age in years <0.001
<30 146 (1.6) 139(1.7) 1(0.4) 3(1.1) 3(1.2)
31-59 4238 (47.8) 3914 (48.4) 98 (38.6) 134 (47.0) 92 (37.7)
> 60 4495 (50.6) 4043 (49.9) 155(61.0) 148 (51.9) 149 (61.1)
Sex 0.005
Males 4762 (53.6) 4364 (53.9) 148 (58.3) 142 (49.8) 108 (44.3)
Females 4115 (46.4) 3730 (46.1) 106 (41.7) 143 (50.2) 136 (55.7)
BMI categories 0.439
Underweight 123(1.5) 112(1.5) 3(1.4) 3(1.1) 5(2.1)
Normal weight 2174 (27.4) 1972 (27.2) 60 (27.0) 76(29.1) 66 (28.6)
Overweight 3120(39.2) 2824 (39.0) 104 (46.8) 101 (38.7) 91 (394)
Obesity 2543 (31.9) 2338(32.3) 55(24.8) 81(31.1) 69 (29.9)
Years since 0.011
diabetes diagnosis
1-5 5034 (56.7) 4633 (57.2) 144 (56.7) 138 (48.4) 119 (48.8)
6to 14 2757 (31.0) 2491 (30.8) 78 (30.7) 103 (36.2) 85 (34.8)
>15 1088 (12.3) 972 (12.0) 32(12.6) 44 (15.4) 40(16.4)
Region <0.001
Lima 4676 (52.7) 4242 (52.4) 130(51.2) 166 (58.2) 138 (56.6)
Lambayeque 2529 (28.5) 2306 (28.5) 57 (22.4) 78 (27.4) 88 (36.1)
Piura 847 (9.5) 791(9.8) 22(8.7) 23(8.1) 11 (4.5)
Cusco 484 (5.5) 457 (5.6) 16 (6.3) 11(3.9) 0(0.0)
Arequipa 275 (3.0) 240 (3.0) 21(8.3) 7(2.5) 7(2.8)
La Libertad 68 (0.8) 60 (0.7) 8(3.1) 0(0.0) 0(0.0)
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Table 2
Prevalence ratios of each of the evaluations according to facility type.

Primary Care Diabetes xxx (XXXX) XXX—XXX

Facility type

Primary care facilities

Crude

PR (95% CI)

Outcome: fasting glucose
during the last year

Ref

Adjusted
PR (95% CI)*

Ref

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

1.03 (0.98-1.08)

0.94 (0.88-1.00)

1.11 (1.08-1.15)
Outcome: HbA1c during the
last year

Ref

1.11(0.89-1.38)

1.78 (1.53-2.06)

2.38 (2.09-2.69)
Outcome: LDL-c during the
last year

Ref

1.11 (0.92-1.34)
1.22(1.03-1.44)

1.72 (1.51-1.97)
Outcome: creatinin or
microalbumin during the last
year

Ref

1.05(0.88-1.26)

1.40 (1.22-1.60)

1.65 (1.45-1.87)
Outcome: foot evaluation
during the last year

Ref

0.81(0.55-1.21)

1.17 (0.86-1.59)

0.48 (0.28-0.82)
Outcome: eye evaluation
during the last year

Ref

2.66 (1.84-3.83)

1.78 (1.16-2.72)

1.58 (0.97-2.57)

1.02 (0.97-1.07)
0.93 (0.88-0.99)
1.12(1.08-1.16)

Ref

1.10 (0.89-1.37)
1.73 (1.49-1.99)
2.42(2.13-2.74)

Ref

1.10(0.91-1.34)
1.22(1.03-1.43)
1.74 (1.52-1.99)

Ref

1.06 (0.89-1.27)
1.41(1.22-1.62)
1.63 (1.42-1.87)

Ref

0.76 (0.51-1.13)
1.27 (0.94-1.73)
0.55 (0.33-0.94)

Ref

2.72 (1.87-3.94)
1.76 (1.14-2.69)
1.49 (0.92-2.44)

* Adjusted by region, age and years since diabetes diagnosis.

100%
80%

60%
40%
I [

- - .

Medical consultation Medication Laboratory exams Reactive strips

B First level facilities B Second level facilities

Third level facilities without specialist ® Third level facilities with specialist

Fig. 2. Frequency of participants that receive medical consultation, medication,
laboratory exams and reactive strips by free according to facility type.

The proportion of patients who had HbA1lc, LDL-c, and creati-
nine/microalbumin evaluations during the last year were higher
in accordance to the setting of the health facility -the higher the
setting, the higher the frequency of evaluations of fasting glucose,
HbA1c, LDL-c, and creatinine/microalbumin- but this pattern was
not observed for foot evaluation or eye evaluation as this parameter
has abetter ratio in primary care in contrast to hospital-based facili-
ties with specialist (see Supplementary Fig. 1). In the hospital-based
facilities with specialist, in comparison to primary care facilities,
the frequency of evaluation of fasting glucose was 12% more, 142%
more for HbAlc, 74% more for LDL-c, and 63% more for creati-
nine/microalbumin, whereas foot evaluation 45% less. The crude
adjusted PRs for the associations are shown in Table 2. For GFR,
there were no differences between facilities.

3.3. Adequate diabetes care in the last 12 months

Across the four healthcare facility types, the proportion of
patients meeting diabetes care targets during the last year ranged
from 43%-59%, 39%-56%, 24%-63%, and 35%-46% for adequate lev-
els of fasting glucose, HbA1c, LDL-c, and eGFR, respectively. The
proportion of the fasting glucose <130 mg/dL, HbAlc <7% (53
mmol/mol) and LDL < 100 mg/dL were higher, 30%, 30%, and 66%
higher, respectively, in the hospital-based facilities with specialists
than in primary care facilities, while there was no evidence of an
association for GFR > 90 mg/dL (Table 3).

4. Discussion

This study of quality of diabetes care delivered across healthcare
facilities in Peru, and involving nearly 1100 healthcare providers
and around 10,000 patients from six regions, found major gaps
and missed opportunities during the clinical encounter to achieve
adequate diabetes care in Peru. It found that between evaluations
performed at primary care facilities one of four patients had HbA1c,
one of three had LDL-c and creatinine/microalbumin, whereas
patients that received care at hospital-based facilities had twice the
frequency of these evaluations. Also, adequate diabetes care was
higher in hospital-based facilities with specialists in comparison
to the primary care facilities for the following diabetes care facili-
ties for the following diabetes care targets: glucose, HbAlc, LDL-c
and creatinine or microalbumin. However, screening for retinopa-
thy and diabetic foot had a better ratio in primary care facilities
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Table 3
Laboratory results of the participant according to facility type.

Primary Care Diabetes xxx (XXXX) XXX—XXX

Facility type

Crude Adjusted
PR (95% CI) PR (95% CI)*
Outcome: glucose <130

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Primary care facilities

Secondary health care facilities
Hospital-based facilities without specialist
Hospital-based facilities with specialist

Ref Ref

1.14 (0.99-1.31) 1.10(0.96-1.26)
0.99 (0.85-1.16) 0.99 (0.85-1.15)
1.36 (1.22- 1.52) 1.30 (1.16- 1.45)
Outcome: HbA1c <7 (53 mmol/mol)

Ref Ref

0.98 (0.73-1.33) 0.96 (0.71-1.29)
0.93 (0.73-1.18) 0.90 (0.71-1.14)
1.34 (1.14- 1.58) 1.30(1.11- 1.53)
Outcome: LDL-c <100

Ref Ref

1.09 (0.82-1.46) 1.04 (0.79-1.37)
0.68 (0.48- 0.98) 0.66 (0.46- 0.95)
1.80 (1.55- 2.09) 1.66 (1.43-1.93)
Outcome: GFR > 90

Ref Ref

0.76 (0.55-1.05) 0.85(0.62-1.17)
0.95 (0.77-1.17) 1.07 (0.88-1.30)
0.82 (0.55-1.23) 0.76 (0.49-1.16)

" Adjusted by region, age and years since diabetes diagnosis.

in contrast to hospital-based facilities with specialists. Also, there
were no significant differences between facilities for GFR.

These findings provide strong evidence that primary health care
in LMIC settings need to be strengthened in order to prevent dia-
betes complications and contribute to reductions in mortality. The
evidence generated from this study raise awareness about the need
to improve diabetes care at the primary care in other LMICs with
similar health systems, paired with its deficiencies, and with high
rates of inequality within the country, for example rural vs. urban
areas, and low- vs. high-income regions.

4.1. Diabetes care in the last 12 months

Our results of the proportion of patients from different facil-
ity settings with fasting glucose and HbA1c were consistent with
those reported in a previous study carried out on patients with dia-
betes from 18 Peruvian hospitals in 2012 [15]. Furthermore, the
HbA1c metric of care in our study, which was between 22%-53%,
was much lower than the 85% found in a private university hospital
from Argentina [22], the 94% found in primary health care clinics in
Saudi Arabia [23], and the 72% found in primary health care facili-
ties from the Netherlands [24]. Additionally, a study conducted in
17 countries from Eastern Europe, Asia, Latin America and Africa
found that 36% of T2DM patients never had a HbA1c measurement
across a 5-year period [25].

In our study, the fasting glucose test was much more commonly
reported than HbA1c, LDL-c, or creatinine/microalbumin tests. This
was not surprising since fasting glucose is usually assessed using
a glucometer, while the other exams require more equipment
and laboratory supplies, many of which may be only available at
hospital-based facilities [10]. We also found that the availability ofa
specialist was linked to higher proportions of participants meeting
targets for diabetes care. Despite this, even in these hospital-based
facilities with specialists, each of the HbAlc, LDL-c, and creati-
nine/microalbumin tests were only measured in approximately
half the patients, thus signaling further challenges and unmet
needs.

The proportion of patients who had an evaluation of the foot
during the last 12 months ranged from 5% to 13%, and from 4%
to 11% for eye evaluation. These proportions are smaller than other
studies performed in the primary care facilities of Saudi Arabia (30%

and 28%) [23], the Netherlands (63% and 78%) [24] and Argentina
(70% and 38% for foot and eye examination respectively) [15].

Foot evaluation is an easy, fast and low-cost procedure, and the
low rate of occurrence reported in this study suggests the need
to enhance its implementation in routine care, through different
mechanisms, be it training, education or additional nudging and
incentives to engage with the practice of foot examination. These
activities could be oriented to healthcare providers and also to
patients as shown in a recent study conducted in a LMIC setting
were >90% of study participants engaged with the habit of reg-
ular observation of their feet [26]. Regarding eye evaluation, the
low proportion observed in our study could be related to the lack
of trained personnel and equipment in Peru [10]. However, some
potentially useful implementation strategies are being tested in
Peru, such as the screening of diabetic retinopathy using non-
mydriatic retinal cameras[27], as well as the investigation of simple
tools to approach diabetes-related eye complications [28].

4.2. Adequate diabetes care

The proportion of patients who had fasting glucose <130 mg/dL
ranged from 43% to 59%, while for HbAlc <7% (53 mmol/mol)
was from 39% to 56%, indicating poor diabetes control rates. How-
ever, these figures were estimated only among those with tests
performed, as there was a group of participants without measure-
ments of diabetes care, which may increase the number of people
not meeting these targets. Previous studies have found heteroge-
neous results in glucose control: A study in T2DM patients found
that 24% in Colombia and 68% in Chile were controlled with <126
mg/dL for fasting glucose [29]. Another study analyzed health cen-
ter’s records in six hospitals from six Latin American and Caribbean
countries and reported poor metabolic control [HbAlc >6.5% (48
mmol/mol)] in the range of 28% to 83% [4]. In addition, similar to
our results, HbA1c <7% (53 mmol/mol) was found in 52% for T2DM
patients from the United States between 2007 and 2010 [30] and
53% in Japan [31], but this figure was 25% in Saudi Arabia [23] and
66% in Argentina [22].

The proportion of patients who had an adequate value of fast-
ing glucose, HbA1c, or LDL-c was higher in hospital-based facilities
with specialists. A previous study in Latin America reported specific
factors related to adequate diabetes care, such as lack of microvas-
cular complications, health insurance coverage and specialist care
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[25]. Some reasons could explain our findings. First, one hypothesis
for which foot evaluation had a 0.81 PR in secondary care facilities
and 0.48 PR in hospital-based facilities without specialist in com-
parison to primary care facilities; foot evaluation is mainly a clinical
parameter that only require professional expertise and can be eas-
ily identified in the first encounter in a medical facility, such as a
primary care facility. It does not need further materials or elements
for its evaluation apart from medical expertise. For the other four
laboratory variables such as fasting glucose, HbAlc, LDL.C, creati-
nine for which we found a better outcome in higher facilities in
contrast to primary care facilities. This could happen because for
the measurement of these variables it is required to have a pro-
fessional in the laboratory, chemical materials, and other physical
resources that are much more available in higher facilities in con-
trast to primary care facilities, specially in a low middle income
country such as Peru.

Also, for the outcome of GFR there were no differences between
the facilities analyzed in our study. One of the reasons for this to
happen is that renal complications occur in a much later stage of
the disease, and are often identified in severe cases of patients with
along data of diabetes and no control whatsoever. However, for the
other outcomes evaluated such as glucose control, HbA1c control
and LDL titles which refer to metabolic alterations that can occur
in early stages of the disease and therefore, are more likely to be
identified and allow us to make comparisons regarding to diabetes
care and control according to the healthcare facility.

4.3. Relevance of this study for public health

The present study has found serious pressing deficiencies
that require immediate attention in order to decrease the rise
in diabetes-related morbimortality. Interventions are urgently
needed at all settings of healthcare delivery, including strengthen-
ing the various layers of the health system, specially in the primary
care facilities, as well as the implementation of educational health
programs for people with T2DM based on evidence and adapted to
the context [32]. Interventions performed by educational groups,
integrated health care professionals and trained community mem-
bers has shown to have effects on weight reduction and improve
the metabolic control in patients with diabetes [33]. Moreover,
interventions based on system-oriented, practitioner-oriented and
patient-oriented strategies in high income countries were associ-
ated with average declines in HbA1C and it favored the reduction of
health care expenditures with a median change of $302 per patient
per year in the short term [34]. Thus, working together between
government and related health institutions to implement these
interventions in primary care should be considered a priority in
order to reduce emergency visits in primary care facilities and costs
related to complications in the long term.

Promptly, there is a need for: 1) public policies that prioritize
T2DM care and prevention, and likewise to promote institutional
efforts to monitor the quality of diabetes care, 2) decentralize med-
ical technologies and equipment needed to perform diabetes care
tests across different facilities, 3) government investment in educa-
tional intervention programs to improve capacity of diabetes care in
health professionals, prevention of diabetes and reductions of com-
plications in patients in order to reduce health costs, 4) adequate
reference and counter-reference flows, 5) support from funding
institutions to promote research in cost-effectiveness interven-
tions. In addition, it would be helpful to manage people with
diabetes in units that favor integrated care with well-trained mul-
tidisciplinary teams. In the same vein, the management of diabetes
does not rely only on the health sector and fit well within a broader
set of governmental strategies that guarantee adequate social pro-
tection [35].

Primary Care Diabetes xxx (XXXX) XXX—XXX
4.4. Limitations and strengths

Some limitations of the present study merit attention. First, the
sampling of participants was not random and our results could be
restricted to the studied facilities only, yet we aimed to cover all
four settings of healthcare delivery available in the country thus
providing an almost complete picture of the health system. Second,
the data of diabetes care was collected retrospectively, by interview
and review of clinical registries, which could prone to recall bias,
to deficiencies in the registering of data or to other unmeasured
confounders, such as diabetes treatment, comorbidities, complica-
tions of diabetes, primary or secondary cardiovascular prevention,
hospitalizations, hospital workload by day, and hospital resources.
The absence of adjustment by diabetes treatment underestimate
the prevalence ratios, whereas the absence of adjustment by the
other mentioned variables overestimate the calculated measures
of association. So, it is possible that our prevalence ratios are over-
estimated.

Despite these limitations, our study secured a large number
of participants from different regions across different settings of
healthcare facilities, advancing the exploration of diabetes care
beyond hospital-setting types of studies. As such, the findings from
this study contribute to fill the scientific gap of limited information
related to diabetes care available in Latin American countries and
similar LMICs.

Conclusions

The prevalence of diabetes care in hospital-based facilities with
specialists was higher than in the primary care facilities for fasting
glucose, HbA1c, LDL-c and creatinine or microalbumin as well as
the prevalence of adequate diabetes care for glucose. However, the
different characteristics of the patients and care settings need to be
considered to carefully interpret these results. This study can sup-
port interventions aimed to reduce access gaps in diabetes care and
ensure adequate diabetes care across all types of facility settings in
order to prevent diabetes complications, contribute to reductions
in morbimortality, diminish costs, and improve quality of life of
patients, families and communities.
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