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Background

Distal peripheral neuropathy (DPN) is a devastating complication of type 2 diabetes that
is causing medical and economic burden worldwide, especially in developing nations like
Peru. Hospital prevalence of DPN has been determined in Peru, but information
characterizing DPN in the community is scarce. This study characterized DPN among
individuals with Type 2 diabetes using a population-based survey in Peru.

Methods

Cross-sectional, population-based study conducted in Tumbes, Peru. Participants were
categorized by glycemic status measured by an oral glucose tolerance test. Neuropathic

status was measured by biothesiometry.

Result

A total of 1,607 participants were included, mean age 48.2 (standard deviation (SD)=0.3),
and 810 (50.3%) women. A total of 176 (11.0%, 95% confidence interval (CI)=9.5-12.6%)
persons had type 2 diabetes and 272 (17%; 95% CI=15.1-18.8%) had dysglycemia. Among
those with type 2 diabetes, 105 (59.7%) were aware of their diagnosis, with 94 (89.5%) on
treatment, and only 30 (28.6%) with appropriate control. DPN prevalence was 44.3%
among those with type 2 diabetes and 19.8% among those with dysglycemia. In
multivariable model, type 2 diabetes, but not dysglycemia, was associated with a
1.28-increased (95% CI=1.13-1.45) prevalence of DPN compared to normal controls.

Conclusions

There is a high prevalence of DPN at community level. The high prevalence of DPN and
high amount of undiagnosed and uncontrolled cases of type 2 diabetes demonstrate a
need for earlier detection, stricter glycemic control, and improved screening, especially in

resource-constrained settings like Peru.

Type 2 diabetes is no longer a problem isolated to high-
income countries. The prevalence of type 2 diabetes has al-
most doubled over the past decades, from 4.7% to 8.5%,
with the fastest rise in low-and-middle income countries
(LMICs).1.2

Neuropathy is a serious complication of type 2 diabetes,
particularly in LMICs, and distal peripheral neuropathy
(DPN) is the most common type. Standard methods of di-
agnosing DPN include nerve conduction studies and skin
biopsies; however, clinical symptom scales and monofila-
ment testing are more commonly used in primary care set-
tings.3* The use of vibration perception threshold (VPT)
testing has also been validated as a method of diagnosing
DPN.5 Studies from LMICs have showed hospital and com-
munity prevalence rates ranging between 20% and 60%.%7
A cross-sectional study conducted in Peru demonstrated a
hospital prevalence of 57%.8

DPN is often poorly managed in LMICs due to lack of re-
sources. Approximately 25% of patients with DPN will de-
velop foot ulcers, many of which then proceed to amputa-
tions, which forebode a high mortality rate.% 10 In addition
to the medical burden, DPN among cases of type 2 diabetes
poses a significant financial burden on patients and their
families. A cost-analysis study in Peru reported costs of US$
74.5 million for high-risk individuals with diabetes in a sin-
gle year.1!

Given such a high hospital prevalence rate of DPN among
cases of type 2 diabetes in Peru, there is a need to determine
the rate of this complication at the population level. There-
fore, this study aimed to determine the prevalence of DPN
in a community-based setting in Peru. Association of DPN
with abnormal glycemic status was also assessed.
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METHODS
SETTING AND STUDY POPULATION

This was a population-based, cross-sectional study con-
ducted in Tumbes, a semi-urban area in the north of Peru.
Details about participant selection and procedures have
previously been reported.12 Briefly, based on the most re-
cent census data in the area, participants were selected us-
ing a sex-stratified random sampling method.

Inclusion criteria were age between 30 and 69 years, full
time residency in the study area (>6 months), and ability to
provide informed consent. Those bedridden, or with phys-
ical disabilities preventing anthropometric measurements,
as well as pregnant women, were excluded. One participant
from each household was selected to avoid clustering.

OUTCOME VARIABLE

The outcome of interest was DPN assessed by VPT testing.
VPT was measured with a biothesiometer (Diabetik Foot
Care India Pvt Ltd, Chennai, India). Participants were asked
to lie in the supine position, and the stylus of the bio-
thesiometer was applied perpendicular to the pulp on the
plantar surface of the hallux of both feet. The amplitude of
the vibration was gradually increased until the participant
could detect the vibration. This process was performed in
triplicate for each foot. The participant was considered to
have DPN if the average of the three measurements in ei-
ther foot was >25 mV.13 In addition, abnormal VPT was also
included and defined as VPT>10mV but <25mV. 14

EXPOSURE VARIABLE

The exposure of interest was glycemic status (normal, dys-
glycemia, and type 2 diabetes). Type 2 diabetes was defined
by the oral glucose tolerance test criteria as per the World
Health Organization threshold (fasting glucose >126mg/dL
(>7.0 mmol/L) or 2-hour plasma glucose >200mg/dL (>11.1
mmol/L)). Self-reported type 2 diabetes diagnosis by a
physician and current treatment for type 2 diabetes were
also used in the definition. Dysglycemia was defined as ei-
ther the presence of impaired glucose tolerance or impaired
fasting glucose, both of which were defined according to cri-
teria recommended by the World Health Organization.

Individuals who were previously unaware of their glucose
status and had a fasting glucose >126mg/dL (>7.0 mmol/L)
or 2-hour plasma glucose >200mg/dL (>11.1 mmol/L) were
considered as having undiagnosed type 2 diabetes. On the
other hand, those with type 2 diabetes and aware of their
condition were categorized as controlled cases if the result
of glycated hemoglobin (HbAlc) was <48 mmol/mol
(<6.5%).

OTHER VARIABLES

Some variables were also assessed for population descrip-
tion as well as potential confounders in the association of
interest. Among socio-demographic variables were age, sex,
education level, socioeconomic status, and health insur-
ance. Among behavioral variables were daily smoking, self-
reported and based on the consumption of at least one cig-

arette per day, and alcohol consumption, assessed by the
Alcohol Use Disorder Identification Test (AUDIT), with a
score of >4 considered positive for men, >3 for women.!>
Anthropometric measures collected were body mass index,
waist circumference, and blood pressure (See Table 1 for
further details).

PROCEDURES

Fieldworkers went from house to house to recruit partici-
pants. Written informed consent was obtained before un-
dergoing study procedures. Socio-demographic informa-
tion, medical and familial history, and behavioral variables
were collected and recorded by trained staff on tablets in
an application built using Open Data Kit (ODK, University
of Washington Department of Computer Science and Engi-
neering, Seattle, WA, USA).

Then, anthropometric measurements (ie, weight, height,
waist circumference) and blood pressure were obtained.
VPT testing was then conducted using a biothesiometer as
detailed earlier. Trained laboratory staff collected a fasting
glucose blood sample after consent was obtained and an-
other blood sample two hours after a 75g glucose load was
administered. A Cobas Modular Platform and Roche Diag-
nostic reagents were used to analyze glucose levels. HbAlc
was assessed using high-performance liquid chromatogra-
phy (D10-BIORAD, Germany), which is traceable to the Na-
tional Glycohemoglobin Standarization Program.

STATISTICAL ANALYSIS

Analysis was performed using STATA 15.0 for Macintosh
(Stata Corp, College Station, TX, US). Study population
characteristics were tabulated by means and standard de-
viations (SD) for continuous variables and percentages for
categorical variables. Chi-squared tests were used to com-
pare categorical variables, and p-values <0.05 were consid-
ered significant.

To determine the strength of the association between
variables of interest, Poisson regression models with robust
variance were used.!® Crude and adjusted models were gen-
erated, the latter controlling for sex, age, education level,
socioeconomic status, daily smoking, alcohol use disorder,
waist circumference, and high blood pressure levels.

ETHICS

The protocol, consent, and questionnaires received ap-
proval from the Institutional Review Board at the Universi-
dad Peruana Cayetano Heredia in Lima, Peru and the Lon-
don School of Hygiene and Tropical Medicine, London, UK.

RESULTS
POPULATION CHARACTERISTICS

A total of 1,609 participants were enrolled in the study.
However, only 1,607 were analyzed, as 2 did not have OGTT
results. The mean age of participants was 48.2 (standard
deviation (SD)=10.6); 809 (50.3%) were women, and 341
(21.2%) had 12+ years of education.
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Table 1. Characteristics of the study population by glucose status (n=1,607)

Characteristic

Glucose Status

Normal Dysglycemia Diabetes P-value
Sex (n=1,159) (n=272) n=176)
Men 612(52.8%) 112 (41.2%) 74 (42.1%) <0.001
Age:
<40 372(32.1%) 54 (19.9%) 14 (7.9%)
40-49 354(30.5%) 81(29.8%) 45 (25.6%) <0001
50-59 264 (22.8%) 76(27.9%) 69 (39.2%)
260 169 (14.6%) 61(22.4%) 48 (27.3%)
Education level:
Primary 336(29.0%) 102 (37.5%) 80 (45.4%)
Secondary 559 (48.2%) 116 (42.7%) 73(41.5%) <0.001
Superior 264 (22.8%) 54 (19.8%) 23(13.1%)
SES based on assets:
Low 370(31.9%) 100 (36.8%) 68 (38.6%)
Middle 408 (35.2%) 89(32.7%) 53(30.1%) 0.29
High 381(32.9%) 83(30.5%) 55(31.3%)
Health insurance:
No 109 (9.4%) 20 (7.4%) 11(6.3%) 0.26
Daily smoking:
Yes 72 (6.2%) 12 (4.4%) 8 (4.6%) 0.40
Alcohol use disorder:
AUDIT (+) 106 (9.2%) 7 (2.6%) 8(4.6%) <0.001
BMI:
<25 kg/m? 341(29.4%) 47 (17.3%) 37 (21.0%)
25-29.99 kg/m?2 514 (44.4%) 111 (40.8%) 81 (46.0%) <0.001
230 kg/m? 304 (26.2%) 114 (41.9%) 58 (33.0%)
Waist circumference:
<90cm 450 (38.8%) 76(27.9%) 44 (25.0%)
90-99cm 460 (39.7%) 98 (36.0%) 68 (38.6%) <0.001
100+ cm 249 (21.5%) 98 (36.1%) 64 (36.4%)
Hypertension:
Yes 252(21.7%) 93(34.2%) 72 (40.9%) <0.001

SES - Socioeconomic status, AUDIT — Alcohol use disorder identification test, BMI — Body mass index

Out of the 1607 individuals, 176 (11.0%; 95% confidence
interval (CI)=9.5-12.6) had type 2 diabetes and 272 (16.9%;
95% CI=15.1-18.9) presented dysglycemia. A greater pro-
portion of individuals with type 2 diabetes and dysglycemia
were women compared to those with normal glucose status
(P<0.001). Those with type 2 diabetes were older (P <0.001),
had a lower level of education (P<0.001), higher waist cir-
cumference (P<0.001), and higher prevalence of high BP
(P<0.001) compared to those with dysglycemia and normal
glucose status (See details in Table 1).

Finally, among those with type 2 diabetes, 105 (59.7%)
were aware of their diagnosis before the study. Among these
participants, 94 (89.5%) reported being on treatment, while
30 (28.6%) had their type 2 diabetes appropriately con-
trolled.

PREVALENCE OF DPN AND GLUCOSE STATUS

A total of 309/1607 participants (19.2%, 95% CI=17.3-21.2)
had results compatible with DPN, and 933 (58.1%; 95%
CI=55.6-60.5) had abnormal biothesiometer results. Mean
age was higher in the DPN group (57.2 years, SD=8.0) com-
pared to the abnormal biothesiometer result and normal
group (47.9 years, SD=10.0 and 41.2 years, SD: 8.1, respec-
tively; P<0.001). A greater proportion of individuals with
DPN were men (59.8%) compared to those with abnormal
and normal results (P<0.001). Details of sociodemographic
variables assessed according to biothesiometer result are
shown in Table 2.

Prevalence of DPN was 44.3% among individuals with
type 2 diabetes, 19.8% among those with dysglycemia, and
15.3% among those with normal glucose status (Table 2). In
our multivariable model, after controlling for sex, age, ed-
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Table 2. Characteristics of the study population by biothesiometer results

L Biothesiometer result
Characteristics

Normal (<10mV) Abnormal (10-25 mV) Neuropathy (>25 mV) P-value
Sex (n=365) (n=935) (n=309)
Men 148 (18.5%) 476 (59.6%) 175 (21.9%) <0.001
Women 217 (26.8%) 459 (56.7%) 134 (16.5%)
Age:
<40 191 (43.3%) 242 (54.9%) 8(1.8%)
40-49 115 (24.0%) 314 (65.4%) 51(10.6%) <0.001
50-59 51(12.5%) 236 (57.7%) 122 (29.8%)
>60 8(2.9%) 143(51.2%) 128 (45.9%)
Education level:
<7 years 53(10.2%) 294 (56.7%) 172 (33.1%)
7-11years 188 (25.1%) 443 (59.2%) 118 (15.7%) <0.001
12+ years 124 (36.4%) 198 (58.1%) 19 (5.6%)
Socioeconomic status:
Low 94 (17.4%) 323(59.8%) 123 (22.8%)
Middle 124 (22.6%) 319 (58.0%) 107 (19.4%) <0.001
High 147 (28.3%) 293(56.5%) 79 (15.2%)
Health insurance:
No 37 (26.4%) 76 (54.3%) 27 (19.3%) 051
Yes 328 (22.3%) 859 (58.5%) 282 (19.2%)
Daily smoking:
No 351(23.1%) 884 (58.3%) 282(18.6%) 0,02
Yes 14 (15.2%) 51(55.4%) 27 (29.4%)
Alcohol use disorder:
AUDIT (-) 337(22.7%) 863 (58.0%) 288(19.4%) 087
AUDIT (+) 28(23.1%) 72(59.5%) 21(17.4%)
BMI:
<25 kg/m? 88(20.7%) 245 (57.7%) 92 (21.6%)
25-29.99 kg/m?2 155 (21.9%) 443 (62.6%) 110(15.5%) 0.002
>30 kg/m?2 122 (25.6%) 247 (51.9%) 107 (22.5%)
Waist circumference:
<90cm 155(27.2%) 326 (57.2%) 89 (15.6%)
90-99 cm 140 (22.3%) 386 (61.5%) 102 (16.2%) <0.001
100+ cm 70(17.0%) 223(54.3%) 118 (28.7%)
Hypertension:
No 309 (25.9%) 694 (58.2%) 189 (15.9%) <0.001
Yes 56 (13.4%) 241(57.8%) 120(28.8%)
Glucose status:
Normal 283 (24.4%) 699 (60.3%) 177 (15.3%)
Dysglycemia 63(23.2%) 155(57.0%) 54 (19.8%) <0.001
Diabetes 19(10.8%) 79 (44.9%) 78 (44.3%)

ucation level, socioeconomic status, daily smoking, alcohol ~AWARENESS OF TYPE 2 DIABETES STATUS, DURATION

use disorder, waist circumference, and hypertension status, OF TYPE 2 DIABETES, AND DPN

type 2 diabetes, but not dysglycemia, was associated with an

increased prevalence of DPN compared to the normal glu- Among patients with type 2 diabetes, a higher proportion of

cose status group (PR=1.28, 95% CI 1.13-1.45, Table 3). participants with a previous diagnosis had DPN compared
to those who were unaware of their diagnosis (57.1% vs.
24.7%, P<0.001). However, there was no difference in the
prevalence of DPN when comparing individuals with type 2
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Table 3. Association between glucose status and diabetic peripheral neuropathy - crude and adjusted regression

models
Biothesiometer result Crude Model Model 1* Model 2t
Abnormal vs. normal (n=1,298) PR (95% Cl) PR (95% Cl) PR (95% Cl)

Normal 1 (Reference)
Dysglycemia 1.00(0.91-1.10)
Diabetes 1.13(1.02-1.26)

Neuropathy vs. normal (n=674) PR (95% Cl)

Normal 1 (Reference)
Dysglycemia 1.20(0.96-1.51)
Diabetes 2.09(1.80-2.43)

1 (Reference)
0.95(0.86-1.03)
1.05(0.95-1.16)

PR (95% Cl)
1(Reference)
1.04 (0.88-1.24)
1.31(1.17-1.48)

1 (Reference)
0.94(0.86-1.03)
1.03(0.93-1.15)

PR (95% Cl)
1(Reference)
1.01(0.84-1.20)
1.28(1.13-1.45)

PR - prevalence ratio, CI - confidence interval
*Adjusted for sex, age, education level, and socioeconomic status

tAdjusted for sex, age, education level, socioeconomic status, smoking, alcohol, waist circumference, and hypertension

diabetes on treatment to those not on treatment (59.1% vs.
41.7%, P=0.40).

Duration of disease was available for the 105 participants
aware of their diabetes diagnosis. The mean duration was
6.3 (SD=6.1, range=0-32) years. DPN was present in 25/55
(45.5%) individuals with <5 years of disease, whereas it was
present in 30/50 (70.0%) individuals with >5 years of disease
(P=0.03).

DISCUSSION
MAIN FINDINGS

A significant association between type 2 diabetes and DPN,
even after accounting for potential confounders, is reported
in this manuscript. We also found a lower prevalence of
DPN in the community compared to the hospital prevalence
found in previous studies in Peru (35.8% vs. 56.6%), which
is expected given that participants from hospitals tend to
be more ill and present with more severe forms of disease.
Additionally, there were a large number of participants with
signs compatible with non-diabetic neuropathy, and a large
number of undetected cases of diabetes in the community.

COMPARISON WITH PREVIOUS STUDIES

Our DPN prevalence estimate, based on a community-based
survey, matches the global prevalence of DPN reported in
a meta-analysis conducted in 2016.17 This meta-analysis
pooled various hospital and community-based studies to-
gether, including two separate studies conducted in Brazil
and Mexico. DPN prevalence was found to be 26.5% in an
outpatient setting in Brazil and 40.8% in a community set-
ting in Mexico.18:19 Besides the studies mentioned above,
there is very little additional data regarding prevalence of
DPN in Latin American countries. It is important to recog-
nize that, though a global prevalence value of DPN exists,
rates vary throughout the globe, with 77% of people with
DPN living in low-middle income countries. This distribu-
tion could be attributed to genetic predisposition, lifestyle
behaviors, level of glycemic control, duration of asympto-
matic hyperglycemia, and poor access to effective treat-
ment.1%20,21 Therefore, more studies like this are necessary

in Latin America in order to understand the epidemiology
and impact of DPN in this region.22

The variability in DPN prevalence as reported in the
aforementioned systematic review could also be due to dif-
ferences in diagnostic methods and cutoff criteria used.
Tools used to diagnose DPN range from symptom scales
such as the Neuropathy Disability Score, Neuropathy Symp-
tom Score, Michigan Neuropathy Screening Instrument,23
to physical exam procedures like the Semmes-Weinstein
Monofilament Examination and VPT testing, to more ad-
vanced techniques that are typically gold-standard for re-
search studies: electromyography and nerve conductions
studies.2 The accuracy of these tests varies, which can im-
pact prevalence rates. In this study, we used VPT to deter-
mine neuropathic status. Although a valid method, the sen-
sitivity and specificity are lower when compared to nerve
conduction studies; therefore, we could possibly be under-
estimating the number of DPN cases.>25 While it is impor-
tant to consider the practicality of applying a diagnostic
method to a target population, an alternative methodology
that would improve our study would be to determine neu-
ropathy with a gold-standard technique.

The high percentage of abnormal biothesiometer results
(VPT>10mV but <25 mV) found in participants from all
three groups (normal, dysglycemia, type 2 diabetes) is im-
portant to note. We also found that a portion of normal
controls and individuals with dysglycemia had results com-
patible with DPN. Both findings highlight the importance
of considering other causes of nerve damage (ie, B12 defi-
ciency, hypothyroidism) and confounding factors (ie, age,
obesity).

Alternatively, the fact that some individuals with dys-
glycemia had results compatible with DPN could point to
neuropathy as an early sign or risk factor for disease. A
growing body of literature has linked prediabetes (ie, dysg-
lycemia) and obesity with increased risk for DPN and non-
diabetic neuropathy.26 However, damage is thought to in-
volve mainly small nerve fibers, which would not explain
the large nerve fiber damage detected by VPT that we found.
Therefore, although dysglycemia is a risk for developing
neuropathy because it progresses to type 2 diabetes, it can-
not be the sole cause.2” This latter theory fits the results we
found in our regression model, thus corroborating the fact
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that multiple factors (ie, abnormal glucose levels, obesity,
age, and hypertension) contribute to the vessel damage that
subsequently manifests as nerve damage seen in individu-
als with dysglycemia.

OTHER RELEVANT RESULTS

The results of this study emphasize the need for greater
surveillance in screening for type 2 diabetes and its com-
plications in the community. Additionally, it highlights the
need for better implementation of current screening prac-
tices. Many participants were unaware they had type 2 di-
abetes prior to the study, a phenomenon that has been
found in other population-based studies.28 However, this
value was much higher in Peru compared to other countries;
17% of individuals with type 2 diabetes had findings com-
patible with neuropathy at the time of diagnosis.20-21 The
high percentage of people with undiagnosed type 2 diabetes
and DPN in Peru ultimately indicates a need for earlier de-
tection. However, it also points to neuropathy as a poten-
tial bridge between diagnosed and undiagnosed cases in
the community. The significantly higher number of people
aware of diabetes who also had neuropathy compared to
those unaware of type 2 diabetes suggests that neuropa-
thy may be a prompter for people in the community to
get screened for type 2 diabetes. Perhaps in resource-con-
strained settings, detection of neuropathy can be a gateway
to type 2 diabetes diagnosis and getting proper treatment.
Future studies are needed to investigate causes for delay in
type 2 diabetes detection, and perhaps one way to approach
this would be to characterize what symptoms people in re-
source-constrained settings initially present with. Learning
how people initially present with type 2 diabetes could pro-
vide future direction on how to improve this delay in detec-
tion and care.

The large number of uncontrolled cases of type 2 dia-
betes demonstrates the difficulty of achieving glycemic con-
trol among individuals in the community. In large random-
ized controlled trials, strict glycemic control has been
shown to prevent and improve neuropathy in type 1 dia-
betes mellitus, but has been less evident for type 2 dia-
betes.2? A hypothesized reason is that the presence of other
risk factors (ie, hypertension, obesity, hyperlipidemia,
chronic inflammation) in individuals with diabetes adds ad-
ditional mechanisms that contribute to vascular damage
leading to neuropathy symptoms. Nevertheless, glycemic
control is still an important aspect of type 2 diabetes con-
trol, as poor glucose control contributes to increased com-
plication rates, and complications from neuropathy (ie, foot
ulcers and deformities) are exacerbated by poor glucose
control.30 Therefore, glycemic control can be a major area
healthcare workers can focus on in clinical practice to im-
prove outcomes of type 2 diabetes in LMICs such as Peru.

Characterizing DPN in a community setting is important,
as data will help guide future interventions and policy to
improve health outcomes. Additionally, the results high-
light the need for better implementation of clinical screen-
ing practices for DPN (ie, at-home foot exams, regular
check-ups with annual foot exams using appropriate tools,
comprehensive diabetic foot care programs) in resource-
constrained settings. Finally, these results contribute to the

growing body of knowledge about DPN in South America,
an area where data is relatively scarce.

STRENGTHS AND LIMITATIONS

This study was a community-based survey and thus in-
cluded a large sample size and avoided biases associated
with hospital-based studies. Limitations, however, are pre-
sent. Possible selection bias can be present, as we only se-
lected participants between ages 30-69 from a certain re-
gion in Peru.

VPT has been validated as a tool for diagnosing neuropa-
thy; however, screening guidelines recommend using mul-
tiple modalities to characterize DPN. By using VPT alone,
we are primarily assessing for large nerve fiber damage and
may miss detecting early manifestations of DPN, which in-
volve small nerve fibers. Thus, some cases of neuropathy
could be missed.2” As mentioned earlier, VPT is less sen-
sitive than the gold standard, which could underestimate
prevalence further. Additionally, we did not inquire into
other causes of neuropathy besides type 2 diabetes. Al-
though OGTT is one of the gold standards for diagnosing
diabetes, WHO and ADA guidelines recommend two assess-
ments with any blood test to diagnose type 2 diabetes. By
only using one OGTT assessment to classify individuals in
this study, some misclassification may arise.

CONCLUSIONS

We detected a high prevalence of DPN in the community, al-
though lower than hospital-based studies. The high preva-
lence of DPN along with the high amount of undiagnosed
and uncontrolled cases of type 2 diabetes demonstrate a
need for earlier detection, stricter glycemic control, and
studies investigating barriers to care in order to improve
outcomes of disease, especially in LMICs like Peru.
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