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ABSTRACT

Objective Screening is a key strategy to address the
rising burden of chronic kidney disease (CKD) in low-
income and middle-income countries. However, there are
few reports regarding the implementation of screening
programmes in resource-limited settings. The objectives
of this study are to (1) to share programmatic experiences
implementing CKD screening in a rural, resource-limited
setting and (2) to assess the burden of renal disease in a
community-based diabetes programme in rural Guatemala.
Design Cross-sectional assessment of glomerular
filtration rate (GFR) and urine albumin.

Setting Central Highlands of Guatemala.

Participants We enrolled 144 adults with type 2 diabetes
in a community-based CKD screening activity carried out
by the sponsoring institution.

Outcome measures Prevalence of renal disease and risk
of CKD progression using Kidney Disease: Improving Global
Outcomes definitions and classifications.

Results We found that 57% of the sample met GFR and/
or albuminuria criteria suggestive of CKD. Over half of the
sample had moderate or greater increased risk for CKD
progression, including nearly 20% who were classified

as high or very high risk. Hypertension was common in
the sample (42%), and glycaemic control was suboptimal
(mean haemoglobin A1c 9.4%=+2.5% at programme
enrolment and 8.6%=+2.3% at time of CKD screening).
Conclusions The high burden of renal disease in

our patient sample suggests an imperative to better
understand the burden and risk factors of CKD in
Guatemala. The implementation details we share reveal
the tension between evidence-based CKD screening
versus screening that can feasibly be delivered in
resource-limited global settings.

INTRODUCTION

Chronic kidney disease (CKD) is a critical
global health problem."” The worldwide
CKD prevalence rate is 11%-13%." From
2005 to 2015, deaths due to CKD rose from
0.9 to 1.2million per year, primarily owing
to increases in CKD caused by diabetes and
hypertension.” Data on CKD are limited in
low-income and middle-income countries
(LMIGs), but age-adjusted prevalence and
mortality rates may be greater than in high-in-
come countries.’ ” The causes of CKD in

Strengths and limitations of this study

» This study is one of the first to describe the
implementation of a chronic kidney disease (CKD)
screening programme in a rural area of a low-
income or middle-income country.

» The primary strength of this study relates to the
practical barriers that were overcome to implement
a guideline-directed CKD screening programme in
this setting.

» We investigated CKD in a small diabetes sample
of 144 people, limiting the generalisability of our
results.

» Our results could have overestimated the overall
prevalence of CKD among people with diabetes
in rural Guatemala, given that we sampled from a
single institution’s diabetes cohort rather than using
a population-based sampling strategy.

» Our sample was predominantly composed of women,
which reflects known challenges in enrolling men in
chronic disease programmes in Latin America.

LMICs are heterogeneous and incompletely
understood, and most individuals are undi-
agnosed.2 89 A growing proportion of those
with CKD in LMICs develop end-stage renal
disease (ESRD), yet most do not have access
to life-saving renal replacement therapy
(RRT).IO 11

The region of interest in this study is Latin
America. Here, marked disparities exist with
regard to the nephrology workforce and RRT
rates.'? Latin America has the highest CKD
death rate in the world,5 and diabetes is the
leading cause of ESRD.'? Recent high-quality
evidence from Mexico suggests that diabetes
is a potent risk factor for CKD and death from
renal disease in this region.13

CKD screening and management in resource-
limited settings

Scaling up screening is an important strategy
to address the burden of CKD in LMICs."*"
International clinical guidelines recom-
mend CKD screening for individuals with
risk factors such as diabetes, using laboratory
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assessments of glomerular filtration rate (GFR) and urine
albumin excretion.'” In the case of diabetes, interven-
tions shown to slow disease progression for individuals
who screen positive for CKD include glycaemic control,
blood pressure management and renoprotection with
ACE inhibitors or angiotensin receptor blockers.”!

However, there are many barriers to implementing
CKD screening in resource-limited settings. Screening
for CKD may be cost-effective in high-income countries
in high-risk patients such as those with diabetes,*” but the
cost-effectiveness in LMICs is uncertain. This is in large
part because international CKD screening guidelines
require access to specialised laboratory testing,”’ which
is frequently unavailable at the primary care level in
LMICs.” Furthermore, many national health systems in
LMICs are not equipped or funded to deliver integrated
care for individuals with CKD once they are detected by
screening.” * Finally, there are few published reports
documenting the practical details of implementing CKD
screening programmes in LMICs. Scaling up CKD care
requires that all implementers more readily share their
experiences in designing and evaluating CKD screening
programmes.

Study objectives

This study describes the implementation and outcomes
of a small, community-based CKD screening programme
for patients with type 2 diabetes in rural Guatemala. The
objectives are (1) to share our programmatic experiences
implementing CKD screening in a rural, resource-lim-
ited setting and (2) to assess the burden of renal disease
in a community-based diabetes programme in rural
Guatemala.

METHODS

Setting

This study was carried out in Guatemala by the non-gov-
ernmental healthcare organisation Wuqu’ Kawoq (www.
wuqukawoq.org). Since 2007, the organisation has oper-
ated a free, comprehensive type 2 diabetes programme
serving approximately 250 rural patients in the Central
Highlands of Guatemala. We previously have published
implementation details and a clinical protocol of this
programme.” The programme is community based with
the majority of patients entering on a first-come, first-
served basis based on programme capacity.

Guatemala is a Latin American country with a popu-
lation of approximately 16 million. Approximately 40%
of Guatemalans are indigenous Maya,” a predominantly
rural ethnolinguistic group with povertyrates approaching
80% or greater,”’ poor general health indicators®® and
limited access to healthcare.” * The rural health system
in Guatemala is fragmented and highly privatised, and
people with chronic diseases face profound barriers when
seeking healthcare.” Individuals with diabetes typically
have experienced years of uncontrolled disease prior to
presentation to our institution’s clinic.”

While the epidemiology and risk factors for CKD have
not been well studied in Guatemala, crude renal failure
mortality rates are among the highest in the Americas.”
In addition to rising rates of traditional CKD risk factors
like diabetes, some studies show that the newly described
disease entity ‘CKD of non-traditional causes’ may also be
affecting rural Guatemalan populations.” * Guatemala
also has one of the world’s highest rates of child malnu-
trition,36 which is a risk factor for reduced renal func-
tion.”” With 54 total nephrologists, Guatemala has only
3.3 nephrologists per million population, below the Latin
America average.'” Nevertheless, the number of people
on RRT has increased rapidly, and Guatemala now has
one of the highest per capita peritoneal dialysis rates in
the world.™

Implementation of a community-based CKD screening and
management programme in Guatemala

Our organisation previously had screened pragmatically
for CKD in patients with diabetes using measurement of
serum creatinine and manual assessment of urine dipstick
protein.'® ¥ In 2014, after an increase in morbidity and
mortality secondary to diabetes nephropathy including
more than a dozen cases of ESRD, we redesigned our
screening protocol to include assessment of both serum
creatinine and urine albumin/creatinine excretion as
recommended in the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines.21

Implementing a KDIGO-aligned CKD screening
programme posed significant logistical and financial
challenges in our rural Guatemalan context. Reliable
assays were only available at urban laboratory facilities,
so we funded individual patient transportation or paid
for couriers to transport specimens collected in rural
villages. Assay costs were approximately US$8 per test
for urine creatinine and urine albumin, and US$2.50
per test for serum creatinine. Collection and transpor-
tation fees approximately doubled these per-assay costs.
These expenses were significant given that our overall
budget for comprehensive diabetes care is approximately
US$250 per patient per year, a sum we finance through
donor fundraising.

Patients identified with CKD, including moderately
increased albuminuria (albumin-to-creatinine ratio
(ACR) of 30-300mg/g), received guideline-directed
medical care to prevent CKD progression,” including
management of hyperglycaemia with oral antidiabetic
medications and insulin, treatment of albuminuria with
ACE inhibitors, efforts to control hypertension with ACE
inhibitors and other classes of antihypertensive agents,
and integration of a behavioural intervention to improve
exercise and diet. As we have described elsewhere,25 in our
clinical protocols, we target haemoglobin Alc (HbAlc)
<8.0% and blood pressure <140/90 mm Hg; these targets
are less strict than those recommended in some guide-
lines but rational given our rural setting with minimal
access to emergency services in the event of medication-re-
lated adverse effects. In line with KDIGO guidance,?' we
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monitored creatinine and potassium after initiating or
escalating ACE inhibitor therapy, which added further
costs to the programme. Of note, angiotensin receptor
blockers are cost-prohibitive in our setting.

We referred patients with GFR below 30mL/
min/1.73 m? and who wished to be considered for dial-
ysis to the National Center for Chronic Renal Disease,
a public health facility in Guatemala City that provides
nephrology care, including haemodialysis and continuous
ambulatory peritoneal dialysis (CAPD). Our organisation
provides patient navigation and primary care services for
rural patients with diabetes who carry out home-based
CAPD."

Study design and sample

We used data collected from a retrospective chart review
of CKD screening among individuals with diabetes treated
at our institution to carry out a cross-sectional assessment
of GFR and urine albumin. Inclusion criteria were age >18
years, enrolment in our diabetes programme, and at least
one measurement of HbAlc between 3 January 2014
(when the CKD screening programme was implemented)
and 5 January 2015 (when data extraction began). Exclu-
sion criteria were incomplete albuminuria data, diag-
nosis of type 1 diabetes, diagnosis of gestational diabetes
or current use of dialysis. A total of 157 patients met the
study’s inclusion criteria. Thirteen patients were subse-
quently excluded: two patients with type 1 diabetes, one
patient with gestational diabetes, three patients receiving
dialysis (one of whom also had type 1 diabetes) and eight
patients with missing urine albumin data. A final list of
144 patients was identified that comprise the sample in
this paper.

Laboratory assessment of kidney function

At contracting commercial laboratories, serum creatinine
was assessed with the Microlab 300 analyser (ELITech,
Paris, France). Urine ACR was carried out using the
Cobas 6000/c501 analyser (Roche, Basel, Switzerland).
Specimens were collected, packaged and shipped to
in accordance with the guidelines of Mayo Medical
Laboratories."!

Data analysis and definitions
Participant data were extracted from our electronic
medical record to a spreadsheet and then imported to
Stata V.13 for statistical analyses. Two independent data
coders reviewed the spreadsheet for errors. We first calcu-
lated baseline characteristics using descriptive statistics.
We compared the underlying characteristics of patients in
the sample versus those with missing urine albumin data
using the two-sample rank-sum test and Fisher’s exact test.
Second, we assessed CKD staging using GFR and
albuminuria categories as recommended by KDIGO.”
We calculated GFR using the 2009 CKD-Epidemiology
Collaboration (CKD-EPI) equation.42 Due to inherent
limitations of our organisation’s screening programme,
ACR and serum creatinine testing often did not occur

on the same day. Mapping of risk stratification of disease
progression was performed using KDIGO nomencla-
ture and summarised visually with a waffle chart. Finally,
we evaluated the use and indication of ACE inhibitors
between albuminuria category and hypertension diag-
nosis. KDIGO has released detailed guidelines on the
management of hypertension and albuminuria in people
with diabetes,”’ ** including a weaker recommendation
for treatment of moderately increased albuminuria versus
severely increased albuminuria. For the purposes of this
analysis, we assumed that an ACE inhibitor was indicated
if a patient had a diagnosis of hypertension and/or ACR
greater than 30 mg/g.

Consent

A waiver of consent was obtained as the research
presented no more than minimal risk of harm to subjects
and involved no procedures for which written consent is
normally required outside of the research context.

RESULTS

Patient characteristics

Baseline demographic and clinical information is
presented in table 1. The patient sample was predomi-
nantly women (83%), mostly Mayan speaking (61%) and
had low levels of educational attainment (median 2 years).
At the date of creatinine measurement, mean age was
54.6x11.8 years, and patients reported living with diabetes
for a median of 6 (IQR 3-10) years. Median enrolment
in the clinical diabetes programme was 1.5 (IQR 0.2-2.8)
years, and mean HbAlc at enrolment was 9.4%+2.5%.
At most recent HbAlc measurement, the mean was
8.6%+2.3%, and 47% of patients had met the predefined
programmatic target of <8.0%. Forty-two per cent of the
sample carried a diagnosis of hypertension, and 67% of
patients had blood pressure <140/90 mm Hg at the most
recent reading. A substantial proportion of patients had
body mass index in the overweight (72%) and obese
range (29%) range. Regarding medications, 90% were
prescribed metformin, 53% a sulfonylurea, 22% insulin,
33% an ACE inhibitor and 15% at least one additional
antihypertensive agent that was not an ACE inhibitor.
In comparing characteristics of the sample to the eight
patients excluded due to missing urine ACR, there were
no significant differences in most variables (age, gender,
initial HbAlc, most recent HbAlc, diagnosis of hyperten-
sion), but GFR was lower among those with missing albu-
minuria values.

CKD indicators

Risk of CKD progression according to the KDIGO system
in our sample of patients with diabetes is summarised in
figure 1. A majority (77.1%) of the sample had at least
mildly decreased GFR (<90mL/min/1.73m?), and 33.4%
had GFR <60mL/min/1.73m? (G3a or worse). Most
(65.2%) of the sample had ACR values in the normal
range of <30mg/g. Moderately increased albuminuria
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Table 1 Demographic and clinical profile
Characteristic (n=144) Value*
Age (years) 54.6+11.8
Female (%) 83
Language preference (n=134)

Mayan Kagchikel or K’iche’ (%) 61

Spanish (%) 39
Years of schooling (years, n=132) 2 (0-4)
Years with diabetes (years, n=139) 6 (3-10)
Years in clinical diabetes programme 1.5(0.2-2.8)
HbA1c

At enrolment (%) 9.4+2.5

Current (%) 8.6+2.3

<8.0% (%) 47
Blood pressure

Diagnosis of hypertension (%) 42

Systolic blood pressure (mm Hg) 128+21

Diastolic blood pressure (mm Hg) 7711

<140/90 mm Hg (%) 67%
Body mass index (n=132)

Mean (kg/m?) 27.6x4.7

>25 (%) 72

>30 (%) 29
Medication prescriptions

Metformin (%) 90

Sulfonylurea (%) 53

Insulin (%) 22

ACE inhibitors (%) 33

Other antihypertensive agent (beta- 15%

blocker, calcium-channel blocker or
thiazide diuretic)

*Normally distributed values are described as mean+SD and non-
normally distributed values as median (IQR).
HbA1c, haemoglobin Aic.

(30-300mg/g) was observed in 26.4% and severely
increased albuminuria (>300mg/g) in 8.4% of patients.
Overall, 57% had GFR <60mL/min/1.73m? or ACR
of >30mg/g.

Using the KDIGO classification for risk of CKD progres-
sion, 43.1% of patients were classified as low risk, 38.9% as
moderately increased risk, 9.0% as high risk and 9.0% as
very high risk. The median time interval between ACR and
creatinine screening assessments was 56 (IQR 17-115) days.

Use of ACE inhibitors

Table 2 displays the proportion of patients prescribed an
ACE inhibitor by albuminuria category and hypertension
diagnosis prior to implementation of the KDIGO-aligned
CKD screening programme. Sixty-six per cent (40/61) of
patients with hypertension had an ACE inhibitor prescrip-
tion. Among those patients with a diagnosis of hypertension,

8

53% (8/15) of participants with moderately increased
microalbuminuria and 100% (9/9) with severely increased
microalbuminuria had been prescribed an ACE inhibitor
at the time of albuminuria assessment. Among patients who
did not have a diagnosis of hypertension, ACE inhibitors
had been prescribed in 17% (4/23) of cases with moder-
ately increased microalbuminuria and 0% (0/3) of cases
with severely increased microalbuminuria. There were
three patients in the sample who had been prescribed
an ACE inhibitor but who did not have hypertension or
elevated albuminuria.

DISCUSSION

This was a retrospective chart review of a community-based
CKD screening programme for adults with type 2 diabetes
in rural Guatemala. Our programme’s implementation
details and results raise key implications for CKD screening
efforts in rural, resource-limited global settings.

First, we report a very high burden of renal disease
among our sample of adults with type 2 diabetes in rural
Guatemala. Nearly 20% of individuals were classified as
high or very high risk for CKD progression, and 57% of the
sample met GFR and/or albuminuria criteria suggestive
of CKD. For comparison, the prevalence of CKD among
people with diabetes in the USA is approximately 26%,"*
and in high-risk cohorts in other LMICs has ranged from
19% to 49%.” Surprisingly, most participants with reduced
GFR had normoalbuminuria (65.2%), a finding at odds
with the prevalence of normoalbuminuric CKD described
in high-quality longitudinal and crosssectional studies.*
Additionally, the proportion of participants with hyperten-
sion (42%) was lower than in other cohorts of people with
type 2 diabetes.*® We are uncertain if these findings reflect a
unique feature of the diabetes epidemic among Maya indig-
enous populations or are an artefact of sampling and data
collection. In other settings, emerging evidence suggests
that the profile of people with CKD differs across LMICs."’
Given the limited data on the epidemiology of CKD in
Guatemala,' * ** our findings show that it is imperative
to better study the burden and risks factors of CKD in this
setting through representative population-based surveys.

Second, while our study was not designed or powered
to analyse associations of CKD with glycaemic control or
blood pressure, it was notable that the mean HbAlc was
quite high (9.4%+2.5% at programme enrolment and
8.6%+2.3% at time of CKD screening) and that a sizeable
proportion of the sample (42%) had a diagnosis of hyper-
tension. However, one-third of those with hypertension
had notbeen prescribed an ACE inhibitor, one-third of the
sample did not meet blood pressure goal of <140/90 mm
Hg, and only a small number of patients (15% of sample)
were taking a separate antihypertensive agent. These
findings reiterate the fundamental importance of quality
management of diabetes and hypertension in addressing
CKD in our context and other resource-limited settings.

Finally, we describe the practical barriers in imple-
menting our CKD screening programme, including cost,
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Albuminuria categories (mg/g)
A2 30-300 A3 >300

Subtotal (%)

o7 21 229

G2: 60-89 o7 21 43.7

GFR
categories
(mL/min/1.73
m?)

G3a: 45-59 24.3

G3b: 30-44 7.0

G4: 15-29 1.4

0.7

Subtotal (%) 65.2 26.4 8.4

Very high
risk (9.0%)

N\

| |
I O O O Mocrately
Low sk (43.19%) [N I [ O O O [ increased risk
I I O O %°°%)
I Y
T

High risk (9.0%)

Figure 1 Risk of chronic kidney disease (CKD) progression. (Top panel) Risk map for CKD progression. Cells coded by Kidney
Disease: Improving Global Outcomes (KDIGO) risk level as follows: green, low risk; yellow, moderately increased risk; orange,
high risk; red, very high risk. Glomerular filtration rate (GFR) was calculated using CKD-Epidemiology Collaboration equation.
KDIGO designations are as follows: A1, normal to mildly increased albuminuria; A2, moderately increased albuminuria; A3,
severely increased albuminuria; G1, normal or high GFR; G2, mildly decreased GFR; G3a, mildly to moderately decreased; G3b,
moderately to severely decreased GFR; G4, severely decreased GFR; G5, kidney failure. (Bottom panel) Waffle chart of KDIGO
CKOD risk progression categories. Each rectangle denotes a single patient in the sample (n=144). Cells are coded by KDIGO risk

as in the top panel.

geographical constraints and lack of access to laboratory
facilities. Three additional implementation issues that
arose as we designed and implemented our screening
programme are worth describing in more detail: (1) use of
urine dipsticks, (2) pointof-care (POC) creatinine testing
and (3) monitoring adverse effects of ACE inhibitor treat-
ment. Regarding urine dipsticks, some clinical groups
suggest using dipstick proteinuria as a CKD screening test in
resource-limited settings.18 ¥ However, dipsticks are insen-
sitive to low levels of urine albumin® and perform poorly
when interpreted visually,50 5 as typically must be done in
rural clinics. Low-cost dipsticks to detect albuminuria are in
development,52 % but currently available models are insensi-
tive and require use of an analyser.” Regarding POC serum
creatinine assessment, our institution has had success using
POC tests for HbAlc,25 and reliable POC serum creatinine

Table 2 Proportion of sample prescribed ACE inhibitor by
albuminuria category and hypertension diagnosis

Albuminuria categories Patients without Patients with

(mg/g) hypertension hypertension
<30 (A1) 5% (3/57) 62% (23/37)*
30-300 (A2) 17% (4/23)* 53% (8/15)*
>300 (A3) 0% (0/3)* 100% (9/9)*
Total 8% (7/83) 66% (40/61)

Kidney Disease: Improving Global Outcomes designations are as
follows: A1, normal to mildly increased albuminuria; A2, moderately
increased albuminuria; A3, severely increased albuminuria.

*ACE inhibitor was assumed to be indicated for the treatment of
hypertension and/or elevated microalbuminuria.

assays are available.” However, cost and durability repre-
sent major limitations to the widespread implementation
of POC serum creatinine assays in global CKD screening
programmes. Regarding ACE inhibitors, reports from
LMICs often do not describe protocols, training or costs
associated with monitoring adverse effects of these drugs.

These implementation and screening challenges reveal
the tension between evidence-based CKD screening and
screening that can feasibly be delivered in rural, underre-
sourced areas. There is a dearth of guidelines specifically
tailored for CKD screening in resource-limited settings.
Important exceptions include the International Diabetes
Federation,"® a CKD chapter in Partners In Health’s field
manual for non-communicable diseases in in Rwanda® and
CKD screening reports from a handful of other LMICs.”*®
We urge other global health workers to share their expe-
riences implementing CKD screening programmes and
adapting international CKD guidelines to local contexts.

In our clinical programming, our pragmatic response
to the work described in this paper has been to prioritise
hypertension and diabetes control as the most practical
CKD response in our context. We have de-emphasised the
more costly screening with ACR and reinvested in quality
improvement initiatives relating to management of hyper-
tension and diabetes. This view of addressing CKD by prior-
itising treatment of comorbid non-communicable diseases
echoes similar proposals from WHO.” We continue to
contemplate the role of low-cost urine dipstick for field
screening of proteinuria, while acknowledging that a CKD
screening approach without ACR will fail to detect normo-
tensive patients with diabetes with moderately increased
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albuminuria who would benefit from ACE inhibitors (13%
of our sample).” Given the extent of CKD in our sample,
we recognise that aggressive treatment of hypertension with
ACE inhibitors entails a high risk of side effects. To mini-
mise harm, we have decided to aggressively monitor side
effects in line with KDIGO standards,” though this practice
involves increased costs.

Our research has several weaknesses and limitations.
We investigated CKD in a small community-based diabetes
cohort rather than a large, representative sample, so
our results cannot be generalised within Guatemala or
to other countries. Due to challenges assessing CKD,
other reports from LMICs also have used convenience
sampling.” "Compared with the overall rural diabetes popu-
lation in Guatemala, our reported CKD prevalence could
have been overestimated, as our programme occasionally
accepts referral patients with known diabetes complica-
tions. At the same time, CKD prevalence could have been
underestimated as we excluded patients with ESRD from
our analysis. Our sample was predominantly composed of
women (83%), reflecting known difficulties enrolling men
in chronic disease programmes in Latin America.”"

A final set of weaknesses relate to our laboratory assess-
ment of CKD. Due to the programmatic, retrospective
nature of this research, we did not often measure serum
creatinine and urine ACR on the same date. Like other
groups,”®” we calculated CKD prevalence rates and the risk
of progression based on a single, cross-sectional assessment;
not conducting confirmatory testing after 3 months, as indi-
cated in KDIGO guidelines,”’ may have overestimated the
true CKD prevalence rate and risk profile of the sample.”
Additionally, our contracting commercial laboratory could
not confirm the specific assay used to assess serum creatinine
or traceability to IDMS. Finally, we used the 2009 CKD-EPI
equation to calculate GFR, but this equation has not been
validated in Guatemala. Our decision to use this equation
is supported by KDIGO guidelines,” which recommend
using CKD-EPI unless an alternative estimation has been
found to be superior for a specific target population.
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