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Objectives. To determine incidence, mortality, and clinical status of youth with diabetes at the Centro Vivir con Diabetes,
Cochabamba, Bolivia, with support from International Diabetes Federation Life for a Child Program. Methods. Incidence/
mortality data analysis of all cases (<25 year (y)) diagnosed January 2005–February 2017 and cross-sectional data (December
2015). Results. Over 12.2 years, 144 cases with type 1 diabetes (T1D) were diagnosed; 43.1% were male. Diagnosis age was
0.3–22.2 y; peak was 11-12 y. 11.1% were <5 y; 29.2%, 5–<10 y; 43.1%, 10–<15 y; 13.2%, 15–<20 y; and 3.5%, 20–<25 y. The
youngest is being investigated for monogenic diabetes. Measured incidence in Cercado Province (Cochabamba Department)
was 2.2/100,000 children < 15 y/y, with ≈80% ascertainment, giving total incidence of 2.7/100,000 children < 15 y/y. Two
had died. Crude mortality rate was 2.3/1000 patient years. Clinical data on 141 cases <35 y: mean/median HbA1c was
8.5/8.2% (69/62 mmol/mol), levels higher in adolescents. Three were on renal replacement therapy; four others had
substantial renal impairment. Elevated BMI, triglycerides, and cholesterol were common: 19.1%, 18.3%, and 39.1%,
respectively. Conclusions. Bolivia has low T1D incidence. Reasonable glycemic control is being achieved despite limited
resources; however, some have serious complications and adverse cardiovascular risk factor proﬁles. Further attention is
needed for complications.

1. Introduction
For any nation, understanding the epidemiology and clinical
status of young people with diabetes is essential for training
health professionals and also for conducting advocacy with
the respective government to plan and improve the appropriate clinical services.
Very little published material is available on diabetes in
youth in Bolivia. The International Diabetes Federation
(IDF) Atlas estimates of children < 15 years with type 1

diabetes in Bolivia [1] are extrapolated from the data from
Peru that is over two decades old [2, 3], a time during which
the incidence of type 1 diabetes has been increasing at 2-3%
or more per annum in many countries [1].
In 2005, the IDF Life for a Child (LFAC) Program [4],
with the assistance of Rotary International, commenced support for the Centro Vivir con Diabetes (CVcD), a multidisciplinary clinic in Cochabamba. Satellite networks were
established in ﬁve other cities. LFAC Program commenced
professional mentoring and provision of insulin (initially
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2. Materials and Methods
The study was approved by the Board of Centro Vivir con
Diabetes.
2.1. Epidemiology Data. Data (age, gender, and diabetes type)
were compiled on all people diagnosed with diabetes at
age < 25 years (y) and seen by CVcD and its ﬁve satellite
clinics from January 2005 to February 2017. Diabetes was
diagnosed according to the standard World Health Organization (WHO) criteria [6], and the diabetes type was determined by the local investigators based on clinical features.
It is not possible to determine the exact national incidence
as other diabetes care providers exist in Bolivia and no
secondary ascertainment sources are available. However,
in Cochabamba Province—comprising Cochabamba city
and its immediate environs—where 63 (43.8%) of cases were
living at diagnosis, CVcD is well-known and the ascertainment rate is estimated at 80%. A minimum incidence for
Cercado Province was calculated according to census data
[7], with population interpolated or extrapolated according
to the annual growth rate of 1.6% [8].
The crude mortality rate was calculated as the total number of deaths in the cohort of 144 subjects divided by the total
number of years from diagnosis until the last follow-up
(February 2017) or, if they had died, date of death. Results
are expressed as mortality per 1000 patient years.
2.2. Clinical Status. Clinical information was collated on all
141 subjects being followed from September to December
2015, who aged <25 y at diabetes diagnosis and ≤35 y at the
time of this assessment. These 141 subjects included some
cases diagnosed before January 2005 and excluded some
cases included in the incidence study who were now being
seen by other centres. The data were collected via LFAC
Annual Clinical Data Sheets. Data included sex, date of birth,
diabetes diagnosis date, details of diabetes treatment regimen, and physical and biochemistry measures. Also, social
parameters as to whether diabetes was limiting school attendance, if subjects were in the age-appropriate grade, and how
well overall the young person was, in their doctor’s opinion,
psychologically coping with their diabetes (rated as good,
with some problems, or poor) were also recorded. Body
weight and height were measured by electronic scales and a
stadiometer, respectively, with subjects wearing light-weight
clothing and without shoes. Body mass index (BMI) was then
calculated. BMI SD scores were calculated using the WHO
standards for <5 years [9], >5 years, and <19 years [10].
Blood pressure SD score was calculated from published data
from the United States [11].
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with support of Insulin for Life Australia [5]). Later, blood
glucose meters and test strips (three tests/day), HbA1c testing, and educational materials were provided.
This study presents epidemiological data on all young
people with diabetes known to CVcD from January 2005 to
February 2017 and the clinical features of the cohort receiving care at the end of 2015 and documents the initial impact
of the LFAC Program.
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Figure 1: Age at diagnosis of type 1 diabetes in Bolivia, 2005–2017.

The presence of cataracts, retinopathy, and peripheral
neuropathy was recorded. However, the methodology was
not prescribed and therefore could have varied across centres
and physicians.
2.3. Biochemistry. Glycosylated haemoglobin (HbA1c),
serum creatinine, total cholesterol, triglycerides, and HDL
cholesterol were measured in local biochemistry laboratories,
with the exception of HbA1c at Cochabamba where it was
measured with a Siemens DCA Vantage machine (Erlangen,
Germany). Lipid tests were done on fasting samples. LDL
cholesterol was calculated using the Friedewald equation
and hence is only available on the subset of patients who
had HDL cholesterol levels [12].
Estimated glomerular ﬁltration rate (eGFR) was calculated for subjects ≥ 14 y by the CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration) formula [13], adjusted
for individual surface area.
Initial impact of Life for a Child Program was measured
by assessing all HbA1c levels of all subjects having data at
baseline (program commencement in 2004) and then at
either six- or 12-month follow-up.
2.4. Statistics. Data and descriptive statistics were managed in
Excel and analysed in R 3.3.1 (R Core Team, Vienna, Austria)
with RStudio integrated development environment (RStudio
Team, Boston, USA).

3. Results
3.1. Epidemiological Data
3.1.1. Sex Distribution and Age of Onset. Of the 144 subjects
diagnosed at age < 25 y between January 2005 and February
2017, 62 (43.1%) were males. Age of onset ranged from
0.3–22.2 y, with a peak at 11 years (see Figure 1 histogram).
Sixteen subjects (11.1%) were diagnosed at age 0–4 y, 42
(29.2%) were diagnosed at age 5–9 y, 62 (43.1%) were
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Table 1: Clinical and biochemical characteristics.

Parameter

n

Mean (SD)

Range

Age at diagnosis (years)
Diabetes duration (years)
BMI SD score
Systolic SD score
Diastolic SD score
HbA1c (%)∗

141
141
137
21
21

9.9 (4.4)
8.1 (5.7)
0.9 (1.1)
0.7 (0.8)
1.1 (0.7)

0.3–22.2
0.1–26.9
−2.2–3.7
−1.4–2.0
−0.1–2.6

135

8.5 (1.9) %

5.4–14.0%

HbA1c (mmol/mol)∗

135

69 (21) mmol/mol

36–130 mmol/mol

Serum creatinine (mg/dL)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL, calculated)
Non-HDL cholesterol (mg/dL, calculated)

130
122
121
27
27
27

0.92 (0.69)
167 (43.2)
112 (63)
43 (14.2)
124 (38)
149 (44)

0.5–6.2
81–334
42–497
7.9–59
43–191
58–216

∗

HbA1c not included on six subjects assessed within six months of diagnosis.

diagnosed at age 10–14 y, 19 (13.2%) were diagnosed at age
15–19 y, and 5 (3.5%) were diagnosed at age 20–24 y.
Genetic studies are being arranged for the child diagnosed at 3 months to check for a monogenic form of diabetes.
This child has no other medical problems.
3.1.2. Minimum Incidence. Sixty-three cases of diabetes
(diagnosed at <25 years of age) occurred in the Cercado
Province of Cochabamba Department in the 12.2 y study
period from January 2005 to February 2017. Forty-nine were
<15 y at diagnosis and 14 were 15–24 y. This is a measured
incidence of 2.2 per 100,000 children < 15 y/y. Ascertainment
is estimated as 80%, resulting in an estimated total incidence
of 2.7 per 100,000 children < 15 y/y.
3.1.3. Mortality Rate. Of the 144 subjects followed up for
0.1–12.2 y (mean ± SD 5.9 ± 3.4 y), two had died, a male
aged 22.8 y from gastric ulcer haemorrhage and a female
aged 13.4 y from ketoacidosis (who had been abandoned
by her family). The crude mortality rate was 2.3/1000
patient years.
3.2. Clinical Status
3.2.1. Demographics. One hundred and forty-one T1D subjects diagnosed at <25 years of age and ≤35 y were being
followed up by CvCD at the end of 2015. Sixty-four (45%)
patients were male. Sixty (43%) were from Cochabamba
Department; 31 (22%), Santa Cruz; 27 (19%), La Paz; 12
(8.5%), Sucre; 6 (4.3%), Tarija; and 5 (3.5%), Potosi. One
child also had cerebral palsy, one had Down syndrome, and
one child also had epilepsy. Age at diagnosis and diabetes
duration are shown in Table 1.
3.2.2. Diabetes Care. Ninety-four subjects (67%) were
adjusting their insulin dose (data available on 141 subjects),
with the remainder giving a ﬁxed insulin dose set in agreement with their treating clinicians. Regarding insulin types
(n = 138), 99 (72%) were on short- and long-acting human

insulin only. Twenty-ﬁve (18%) were using analogue insulin,
of which nine (7%) were using analogue only. Thirteen (9%)
were on premixed insulin, and one patient was receiving
long-acting human insulin only.
For the number of insulin injections per day (n = 122), 18
subjects (158%) were taking two injections per day; 70 (57%),
three injections; 24 (20%), four injections; and the remaining
10 (8%), ﬁve injections. Insulin usage ranged 0.35–1.76 units/
kg/day (mean ± SD 0.99 ± 0.29) (n = 136).
The frequency of self-blood glucose tests per week
(n = 139) was 14–28 (mean ± SD 21.3 ± 1.4). The frequency
of clinic visits in the last year (n = 131) was 1–8 (mean ± SD
3.5 ± 1.3).
3.2.3. Social Parameters. School/college attendance was regular in 93 (96%) of the 97 patients for whom this information
was available, and the year of schooling was age-appropriate
in 94%. Out of 105 patients for whom a response was
recorded on the question of how well they thought their
patients were coping with their diabetes, 62 (59%) of the
responses were “good,” 38 (37%) were with “some problems,”
and four (4%) were “poor.”
3.2.4. Physical Measurements. Height and weight information was available for 137 patients, and 81 of these were
under 19 years, permitting BMI SD score calculation (shown
in Table 1).
Blood pressure was measured on 21 subjects < 20 years,
with systolic and diastolic SD scores shown in Table 1.
Both systolic and diastolic mean SD scores were above zero
(p < 0 001 for both, by one-sided t-test). None of the patients
for whom SD scores were available were noted to have
hypertension (as deﬁned by local clinical standards) or be
on antihypertensive medications.
3.2.5. HbA1c. HbA1c was measured in the 135 subjects with
duration of diabetes > 6 months. Mean and median HbA1c
levels were 8.5% (69 mmol/mol) and 8.2% (66 mmol/mol),
respectively (see also Table 1). Forty-four subjects (33%)
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Figure 2: Relationship of age to HbA1c.

had HbA1c levels in the recommended target range of <7.5%
(58 mmol/mol); 35 (25%), 7.5%–8.49% (58–69 mmol/mol);
48 (36%), 8.5%–12% (69–108 mmol/mol); and the remaining eight subjects (5.8%), >12% (108 mmol/mol). Twentysix percent of those aged <15 y and 30% of those aged
15–24 y had target HbA1c < 7.5% (58 mmol/mol). A series
of one-way ANOVAs on log-transformed HbA1c levels were
performed, ﬁnding trends towards relationships between
HbA1c levels, the number of insulin injections per day
(p = 0 07), and the use of analogue insulin (p = 0 06), but
not for gender (p = 0 38).
A pattern of increased HbA1c levels and variance during
adolescence was observed from a plot of HbA1c by age
(Figure 2). For those aged 0–13 y, the HbA1c mean ± SD
was 7.9% (63 mmol/mol) ± 1.3% (14 mmol/mol); for those
aged 13–20 y, the HbA1c mean ± SD was 9.4% (78 mmol/
mol) ± 2.0% and for those aged >20 y, the HbA1c mean
± SD was 7.9% (63 mmol/mol) ± 1.7% (18 mmol/mol). This
indicates a signiﬁcant diﬀerence in HbA1c levels between
age groups (p = 0 0002 by one-way ANOVA on logtransformed values). However, Levene’s test for heterogeneity of variance was not statistically signiﬁcant (p = 0 24).
Mean/median HbA1c levels by a diabetes clinic site
were 9.0%/8.4% (75/68 mmol/mol) in Cochabamba, 7.9%/
7.6% (63/60 mmol/mol) in La Paz, 8.0%/7.4% (64/57 mmol/
mol) in Potosi, 8.5%/8.4% (69/68 mmol/mol) in Santa Cruz,
8.5%/8.3% (69/67 mmol/mol) in Sucre, and 7.1%/6.8%
(54/51 mmol/mol) in Tarija, with no statistical diﬀerence
between clinics on ANOVA.
3.2.6. Lipids. Lipid levels are shown in Table 1. No subjects
were on lipid-lowering agents. For total cholesterol, 97
patients (80%) had <200 mg/dL (5.2 mmol/L), 16 patients
(13%) had 200–239 mg/dL (5.2–6.2 mmol/L), and nine
(7.3%) had ≥240 mg/dL (≥6.2 mmol/L). Total cholesterol

levels were not correlated with concurrent HbA1c levels
(p = 0 14 by Pearson’s correlation).
Triglyceride levels (n = 121) were <1.7 mmol/L (150 mg/
dL) in 99 patients (82%), 1.7–2.2 mmol/L (150–199 mg/dL)
in 11 (9%) patients, and 2.3–5.6 mmol/L (200–499 mg/dL)
in 11 (9%) patients (all subjects had <4.5 mmol/L (450 mg/
dL). Log-transformed triglyceride levels were correlated with
concurrent HbA1c levels (p = 0 03 by Pearson’s correlation).
HDL cholesterol was measured in 27 patients from the
Department of La Paz (see Table 1). None of these patients
were on renal replacement therapy. Fifteen patients (56%)
had HDL < 1.0 mmol/L (40 mg/dL) for men or 1.3 mmol/L
(50 mg/dL) for women. There were no signiﬁcant correlations between HDL cholesterol and either HbA1c or logtransformed triglyceride levels.
Seven patients (26%) had calculated LDL cholesterol
levels < 100 mg/dL (<2.6 mmol/L), 10 patients (37%) had
100–129 mg/dL (2.6–3.3 mmol/L), and 10 patients (37%)
had ≥130 mg/dL (3.3 mmol/L).
Table 2 shows the percentage of subjects meeting target
levels for cardiovascular risk factors (BMI, triglycerides, total
cholesterol, and HbA1c), for the 115 subjects that had values
for all four measurements.
3.2.7. Renal Function. Serum creatinine values are shown
in Table 1. Five patients (4%) had serum creatinine levels
above the recommended level of 1.3 mg/dL (115 μmol/L) for
males or 1.1 mg/dL (97 μmol/L) for females. eGFR for the
115 subjects ≥ 14 y ranged from 10.4–178.9 mL/min/1.73m2
(mean ± SD 104.9 ± 31.0 mL/min/1.73m2). Three patients
on renal replacement therapy (see below) were excluded
from this analysis.
Two subjects were receiving haemodialysis (age 28.5 and
28.8 y) (duration of diabetes to start of haemodialysis 16.5
and 1.25 y), one had received a renal transplant after 0.3 y
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Table 2: Risk factors for cardiovascular disease.

Risk factor
High BMI
Elevated fasting triglycerides
Elevated fasting total cholesterol
HbA1c above target range
One risk factor
Two risk factors
Three risk factors
Four risk factors

Deﬁnition

n

%

For <19 years, SD score ≥ 2.0; if ≥19 years, BMI ≥ 25
≥150 mg/dL (≥1.7 mmol/L)
≥175 mg/dL (≥4.5 mmol/L)
≥7.5% (58 mmol/mol)
—
—
—
—

22
21
45
74
44
34
14
2

19.1
18.3
39.1
64.3
38.3
29.6
12.2
1.7

(n = 115).

14 (130)
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14 (130)
12 (108)
10 (86)
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n = 36, p = 0.007

Figure 3: Initial impact at commencement of Life for a Child support.

on haemodialysis (age 30.4 y, duration of diabetes to time
of haemodialysis 17.3 y) and the other was noted as having
chronic renal failure (24.4 y, duration 20.5 y, eGFR 12.8 mL/
min/1.73m2). Three other subjects had eGFR < 50 mL/min/
1.73m2, all with diabetes duration of at least 16 years. Two
of these three were receiving treatment for hypertension,
and one was also treated with erythropoietin injections for
associated anaemia.
Seventeen subjects ≥ 14 y had an eGFR of ≥140 mL/min/
1.73m2, suggestive of hyperﬁltration.

9.4 ± 2.3% (79 ± 25 mmol/mol), and mean ± SD HbA1c at
six months was 8.1 ± 1.8% (65 ± 20 mmol/mol) (n = 29,
p = 0 006 by one-sided paired t-test). For 12-month paired
data, mean ± SD HbA1c at baseline was 9.7 ± 2.1% (83
± 23 mmol/mol), and mean ± SD HbA1c at twelve months
was 8.7 ± 2.5% (72 ± 27 mmol/mol) (n = 36, p = 0 007 by
one-sided paired t-test) (see Figure 3).

3.2.8. Other Complications. One subject had hypothyroidism which was being treated. One subject had experienced
a severe hypoglycemia episode in the past resulting in
severe cognitive and motor impairment. Three patients
were recorded as having diabetic retinopathy, and ﬁve
subjects had cataracts (two of whom also had retinopathy).
Neuropathy (loss of vibration and light touch) was recorded
in one subject.

Globally, the incidence rates of type 1 diabetes in children
vary widely due to diﬀerences in genetic susceptibility, combined with inadequately understood but powerful and evolving environmental factors [1–3].
There have been no previous studies on type 1 diabetes
incidence in Bolivia. Rates vary substantially in Central/
South American and other Hispanic populations. Estimates
for Bolivia in the IDF Atlas [1] are extrapolated from a
1990–1991 study in Lima, Peru, which found an incidence
of 0.5 per 100,000 children < 15 y/y [2]. Other studies in
South America in the early 1990s (all <15 y) showed rates
per 100,000 ranging from 0.1 in Caracas, Venezuela, to 8.3
in Montevideo [2, 3]. Countries with both recent and older
data are seeing sharp rises in type 1 diabetes incidence—in

3.3. Initial Impact of Life for a Child Program. HbA1c results
at the start of the LFAC Program in 2004-2005 were available
for 57 subjects. Values ranged from 4.9–15% (30–140 mmol/
mol), with mean ± SD 9.6 ± 2.2% (81 ± 24 mmol/mol). For
six-month paired data, mean ± SD HbA1c at baseline was

4. Discussion
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Mexico, from 3.4 (per 100,000) in 2000 to 6.2 in 2012 for
young people < 20 y in the Instituto Mexicano del Seguro
Social (IMSS) health insurance service [14]; in Chile, from
5.7 in 2006 to 12.1 in 2012 for those aged <20 y [15], with
the sharpest increase in the <5 y age group; and in Brazil, a
trend for increased incidence in those aged <15 y from 1986
to 2006 [16].
Further aﬁeld for Hispanic populations, rates (<15 y)
are 20.6 in Spain (<15 y, 1995–2001) [1], 13.2 in Portugal
(<15 y, 1994–1998) [1], and 14.1 in Hispanic Whites in
the USA (<15 y, 2002–2003) [17], with a recent study showing an increase of 4.2% per year in 2003–2012 on numbers < 20 y [18].
Some of the variance in South American populations is
thought to be due to lower rates of type 1 diabetes in Central/South American indigenous peoples as compared to
those of Hispanic White/mixed descent [2, 19]. Larenas
et al. [20] found 3.8 times higher rates in Caucasian Chileans
than in Mapuche (native Chileans). Bolivia has, by a substantial margin, the highest proportion of indigenous peoples in
Central/South America [21]. This lower rate in indigenous
populations is likely largely genetic in origin due to diﬀerences in HLA haplotypes [19, 22, 23]. However, diﬀering
exposure to environmental factors may also be potent inﬂuencers: rates of type 1 diabetes have increased in many countries as standards of living have increased. Incidence rates
were found to be higher in high socioeconomic communes
in Santiago de Chile [24].
The observed type 1 diabetes rate in Cercado in this
study—2.2 per 100,000 children < 15 y/y with an estimated
ascertainment of 80%, giving an estimated incidence of 2.7
per 100,000—is ﬁve times higher than the ﬁgure previously
used for Bolivia (based on the Peruvian data from 1990–
1991 [2]. It is likely that type 1 incidence is increasing in
Bolivia; however, further studies will be needed to conﬁrm
this. This is still a low incidence rate compared to global ﬁgures. The female preponderance seen in Bolivia is common in
low incidence studies [25] and is believed to be due to fathers
with type 1 susceptibility genes being more likely to survive
and pass on diabetogenic genes than mothers, with fathers’
genes more likely to cause type 1 diabetes in female oﬀspring
and mothers’ genes to cause diabetes in male oﬀspring. In
addition, it is thought that fathers’ genes may be more diabetogenic than similar genes in mothers [26, 27].
Monogenic diabetes has been reported from various
countries, and it is likely that the child diagnosed at 3 months
of age has this form of diabetes—genetic testing is being
arranged. If there is a gene defect, alternate noninsulin therapy may be possible depending on the speciﬁc gene [28].
Like various other less-resourced countries [29], the
Bolivian government health service does not cover the cost
of care for people with diabetes at any age. Most families cannot aﬀord the cost of care, which can be prohibitive in such
countries for families with lower incomes [30], and this can
translate into the premature death of the child or young adult
with diabetes, as occurred once in this Bolivian cohort. Furthermore, in Bolivia, there are very few paediatric endocrinologists and, due to its relative rarity, limited knowledge of
type 1 among general paediatricians. Therefore, the support
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from a centre such as CvCD ± LFAC is crucial for families
with limited resources. CvCD provides a multidisciplinary
service of not just health professionals in diabetology but also
health professionals in ophthalmology, nutrition, psychology, social work, foot care and podiatry, physiotherapy and
rehabilitation, laboratory services, and pharmacy. There is
also a young group or people with type 1 diabetes which
encourage and support each other through meetings and
the use of the social media platform “WhatsApp.” The IDF
Life for a Child Program provides insulin and, since 2009,
also provides blood glucose test strips, educational materials,
and point-of-care HbA1c testing in Cochabamba.
The initial impact seen in the LFAC follow-up data from
2004–2005 has been sustained. Mortality is low at 2.3 per
1000 patient years, and the mean/median HbA1c of 8.5/
8.2% (69/62 mmol/mol) is surprisingly good, considering
the substantial challenges faced in caring for these young
people. Twenty-seven percent of those aged <15 y and 28%
of those aged 15–24 y were achieving the recommended
HbA1c target of <7.5% (58 mmol/mol). This is not substantially diﬀerent from the mean of 29/30% (male/female) for
subjects aged <15 y and from the mean of 24/20% (male/
female) for those aged 15–24 y in a large international study
in which 15 of 16 countries were high-income nations [31].
The higher HbA1c values seen in adolescents/emerging
adults are similar to those of other reports [32] and likely
reﬂect lifestyle and behavioural factors and growth spurtrelated insulin resistance. As in other countries, thoughtful
medical attention and support are warranted during this
period, along with provision of insulin supply security.
It is of great concern that three young people with diabetes required renal replacement therapy and four others have
substantial renal impairment (eGFR <50 mL/1.73m2). Furthermore, 17 had hyperﬁltration, which may be a risk factor
for diabetic nephropathy, although recent evidence suggests
this may not be the case [33, 34]. The presence of ESRD
at a young age suggests that blood glucose control must
have been poor for some years, and we note that for most
of the Bolivian subjects evaluated herein, regular self-blood
glucose monitoring has only been possible since 2009.
Anderzén et al. [35] has shown the importance of a good
early start in terms of blood glucose control, if later complications are to be reduced.
Further assessment should be done for early signs of
nephropathy such as microalbuminuria and hypertension,
with management (with ACE inhibitors or LDL-lowering
“statin” drugs) being informed by the forthcoming results
of the Adolescent Type 1 Diabetes Cardio-Renal Intervention
Trial (ADDIT) [36]. Given the number with renal complications, it is likely that a thorough systematic assessment
would lead to more subjects being found with other microvascular complications such as neuropathy and retinopathy,
for whom early intervention with risk factor control and
increased screening rates is appropriate.
The common cause of death of people with type 1 diabetes is cardiovascular disease, for which dyslipidaemia is a
major risk factor and is treatable, with signiﬁcant LDL-C,
cardiovascular event, and mortality reduction with statins
[37]. The substantial numbers with one or more lipid risk
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factors such as high triglycerides and total cholesterol and
low HDL cholesterol levels, combined with the suggestion
of blood pressure elevation, raise the possibility that some
patients have features of the metabolic syndrome, which is
recognised in type 1 diabetes and associated with higher rates
of diabetes vascular complications [38, 39]. This “double diabetes” may beneﬁt from the addition of metformin to insulin
and risk factor control [40], though clinical trials with vascular end-points are still awaited.
The study has three other limitations. It is possible that
with further study (autoantibodies and C-peptide, unfortunately not available in this clinical context), some of the subjects diagnosed with type 1 diabetes may be recategorised as
having type 2 diabetes. Secondly, HbA1c measurements were
not standardised across clinics, and so it is possible that
results could be aﬀected by the diﬀerent methods used.
Finally, the 80% ascertainment is an estimated ﬁgure, and
Cercado Province may not be fully representative of Bolivia—incidence may vary in other parts of the country due
to ethnic or socioeconomic factors.

5. Conclusion
This study has estimated the incidence of type 1 diabetes in
Bolivia, conﬁrming that incidence is relatively low compared
to that in many other countries. The results demonstrate that
reasonable blood glucose control and low mortality can be
achieved in many subjects in a low-resourced setting with
international support. However, there is a signiﬁcant risk of
early long-term complications in some subjects, as evidenced
by renal impairment and substantial levels of cardiovascular
risk factors.

Ethical Approval
The study was reviewed and approved by the Board of Centro
Vivir con Diabetes.

Conflicts of Interest
None of the authors have any conﬂicts of interest in regard to
this study.

Authors’ Contributions
Elizabeth Duarte Gómez collected the data and contributed
to the manuscript, Gabriel Andrew Gregory analysed the
data and wrote the manuscript, Miriam Castrati Nostas
collected the data and contributed to the manuscript,
Angela Christine Middlehurst assisted in the data analysis
and contributed to the manuscript, Alicia Josephine Jenkins
helped with interpretation of the data and contributed to
the manuscript, and Graham David Ogle designed the study
and cowrote the manuscript.

Acknowledgments
The authors acknowledge the dedicated eﬀorts of all at
Centro Vivir con Diabetes and the determination of all
these young people with diabetes and their families. They

7
also thank the supporters of the IDF Life for a Child
and Insulin for Life Programs and Rotary International
(Rotary Club of Cochabamba, Quillacollo, District 6940,
and the Rotary Foundation). Finally, they thank Sarah
Garnett for helping with the SD scores. This work was
supported by the Leona M. and Harry B. Helmsley Charitable
Trust. Gabriel Andrew Gregory was partly funded by the
University of Sydney Summer Research Scholarship. Alicia
Josephine Jenkins is funded by the NHMRC (Australia)
Practitioner Fellowship and the Sydney Medical School
Foundation Fellowship.

References
[1] C. Patterson, L. Guariguata, G. Dahlquist, G. Soltész, G. Ogle,
and M. Silink, “Diabetes in the young – a global view and
worldwide estimates of numbers of children with type 1
diabetes,” Diabetes Research and Clinical Practice, vol. 103,
pp. 161–175, 2014.
[2] M. Karvonen, M. Viik-Kajander, E. Moltchanova, I. Libman,
R. LaPorte, and J. Tuomilehto, “Incidence of childhood type
1 diabetes worldwide. Diabetes Mondiale (DiaMond) Project
Group,” Diabetes Care, vol. 23, pp. 1516–1526, 2000.
[3] DIAMOND Project Group, “Incidence and trends of childhood type 1 diabetes worldwide 1990-1999,” Diabetic Medicine, vol. 23, pp. 857–866, 2006.
[4] International Diabetes Federation, “International Diabetes
Federation Life for a Child Program,” February 2017, http://
www.lifeforachild.org.
[5] Insulin for Life, “Insulin for life,” April 2017, http://www.
insulinforlife.org.
[6] World Health Organization, Deﬁnition and Diagnosis of
Diabetes Mellitus and Intermediate Hyperglycemia. Report of
a WHO/IDF Consultation, WHO, Geneva, 2006, December
2016, http://apps.who.int/iris/bitstream/10665/43588/1/92415
94934_eng.pdf.
[7] Instituto Nacional de Estadística, “Resultado Censo de
Población y Vivienda 2012,” April 2017, http://datos.ine.gob.
bo/binbol/RpWebEngine.exe/Portal?BASE=CPV2012COM
&lang=esp.
[8] The World Bank, “World development indicators, Bolivia,”
April 2017, http://databank.worldbank.org/data/reports.aspx?
source=2&series=SP.POP.GROW&country=BOL.
[9] World Health Organization, WHO Child Growth Standards:
Length/Height-for-age, Weight-for-age, Weight-for-Length,
Weight-for-Height and Body Mass Index-for-age: Methods
and Development, WHO, Geneva, 2006.
[10] M. De Onis, A. W. Onyango, E. Borghi, A. Siyam, C. Nishida,
and J. Siekmann, “Development of a WHO growth reference
for school-aged children and adolescents,” Bulletin of the
World Health Organization, vol. 85, pp. 660–667, 2007.
[11] National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and Adolescents,
“The fourth report on the diagnosis, evaluation, and treatment
of high blood pressure in children and adolescents,” Pediatrics,
vol. 114, Supplement 2, pp. 555–576, 2004.
[12] W. T. Friedewald, R. I. Levy, and D. S. Fredrickson, “Estimation of the concentration of low-density cholesterol in plasma
without use of the preparative ultracentrifuge,” Clinical Chemistry, vol. 18, pp. 499–502, 1972.

8
[13] A. S. Levey, L. A. Stevens, C. H. Schmid et al., “A new equation
to estimate glomerular ﬁltration rate,” Annals of Internal
Medicine, vol. 150, pp. 604–612, 2009.
[14] R. A. Gómez-Díaz, G. Pérez-Pérez, I. T. Hernández-Cuesta
et al., “Incidence of type 1 diabetes in Mexico: data from an
institutional register 2000-2010,” Diabetes Care, vol. 35,
article e77, 2012.
[15] C. Garﬁas, A. Borzutzky, J. Cerda et al., “Dramatic increase
in type 1 diabetes in Chilean children between 2006 and
2012,” Pediatric Diabetes, vol. 15, Supplement 19, p. 121, 2014.
[16] C. A. Negrato, J. P. Dias, M. F. Teixeira et al., “Temporal trends
in incidence of type 1 diabetes between 1986 and 2006 in
Brazil,” Journal of Endocrinological Investigation, vol. 33,
pp. 373–377, 2010.
[17] The Writing Group for the SEARCH Study for Diabetes in
Youth Study Group, D. Dabelea, R. A. Bell et al., “Incidence
of diabetes in youth in the United States,” JAMA, vol. 297,
pp. 2716–2724, 2007.
[18] E. J. Mayer-Davis, J. M. Lawrence, D. Dabelea et al., “Incidence
trends of type 1 and type 2 diabetes among youths, 20022012,” The New England Journal of Medicine, vol. 376,
pp. 1419–1429, 2017.
[19] F. C. Collado-Mesa, A. Barceló, K. L. Arheart, and S. E.
Messiah, “An ecological analysis of childhood-onset type 1
diabetes incidence and prevalence in Latin America,” Pan
American Journal of Public Health, vol. 15, pp. 388–394, 2004.
[20] G. Larenas, A. Montecinos, M. Manosalva, M. Barthou, and
T. Vidal, “Incidence of insulin-dependent diabetes mellitus in
the IX region of Chile: ethnic diﬀerences,” Diabetes Research
and Clinical Practice, vol. 34, Supplement 34, pp. S147–S151,
1996.
[21] Center for Latin American Studies, Georgetown University,
“Indigenous peoples, democracy and political participation,”
April 2017, http://pdba.georgetown.edu/IndigenousPeoples/
demographics.html.
[22] C. Gorodezky, A. Alaez, A. Murguía et al., “HLA and autoimmune diseases: type 1 diabetes (T1D) as an example,”
Autoimmunity Reviews, vol. 5, pp. 187–194, 2006.
[23] F. S. Giraudo Abarca, E. Carrasco, E. Codner, and F. PérezBravo, “Genetic of type 1 diabetes (T1D) in South America,”
Pediatric Diabetes, vol. 15, Supplement 19, p. 88, 2014.
[24] F. Torres-Avilés, E. Carrasco, G. Icaza, and F. Pérez-Bravo,
“Clustering of cases of type 1 diabetes in high socioeconomic
communes in Santiago de Chile: spatio-temporal and geographical analysis,” Acta Diabetologica, vol. 47, pp. 251–257,
2010.
[25] M. Karvonen, M. Pitkäniemi, J. Pitkäniemi et al., “Sex-diﬀerence in the incidence of insulin-dependent diabetes mellitus:
an analysis of the recent epidemiological data. World
Health Organization DIAMOND Project Group,” Diabetes/
Metabolism Reviews, vol. 13, pp. 275–291, 1997.
[26] J. Tuomilehto, T. Podar, E. Tuomilehto-Wolf, and E. Virtala,
“Evidence for importance of gender and birth cohort for risk
of IDDM in oﬀspring of IDDM parents,” Diabetologia,
vol. 38, pp. 975–982, 1995.
[27] T. Waldhör, E. Schober, B. Rami, J. Tuomilehto, and the
Austrian Diabetes Incidence Study Group, “The prevalence
of IDDM in the ﬁrst degree relatives of children newly diagnosed with IDDM in Austria-a population-based study,”
Experimental and Clinical Endocrinology & Diabetes,
vol. 107, pp. 323–327, 1999.

Journal of Diabetes Research
[28] O. Rubio-Cabezas, A. T. Hattersley, P. R. Njølstad et al., “The
diagnosis and management of monogenic diabetes in children
and adolescents,” Pediatric Diabetes, vol. 15, Supplement 20,
pp. 47–64, 2014.
[29] G. D. Ogle, A. C. Middlehurst, and M. Silink, “The IDF Life for
a Child Program index of diabetes care for children and
youth,” Pediatric Diabetes, vol. 17, pp. 374–384, 2016.
[30] G. D. Ogle, H. Kim, A. C. Middlehurst, M. Silink, and A. J.
Jenkins, “Financial costs for families of children with type 1
diabetes in lower-income countries,” Diabetic Medicine,
vol. 33, pp. 820–826, 2016.
[31] J. A. McKnight, S. H. Wild, M. J. E. Lamb et al., “Glycaemic
control of type 1 diabetes in clinical practice early in the 21st
century: an international comparison,” Diabetic Medicine,
vol. 32, pp. 1036–1050, 2015.
[32] M. A. Clements, N. C. Foster, D. M. Maahs et al., “Hemoglobin
A1c (HbA1c) changes over time among adolescent and young
adult participants in the T1D exchange clinic registry,” Pediatric Diabetes, vol. 17, pp. 327–336, 2016.
[33] M. C. Thomas, J. L. Moran, V. Harjutsalo et al., “Hyperﬁltration in type 1 diabetes: does it exist and does it matter for
nephropathy,” Diabetologia, vol. 55, pp. 1505–1513, 2012.
[34] C. Chatzikyrkou and H. Haller, “Hyperﬁltration – a risk factor
for nephropathy in T1DM?,” Nature Reviews. Endocrinology,
vol. 8, pp. 385-386, 2012.
[35] J. Anderzén, U. Samuelsson, S. Gudbjörnsdottir, L. Hanberger,
and K. Åkesson, “Teenagers with poor metabolic control
already have a higher risk of microvascular complications as
young adults,” Journal of Diabetes and its Complications,
vol. 30, no. 3, pp. 533–536, 2016.
[36] The Adolescent type 1 Diabetes cardio-renal Interventional
Trial Research Group, “Adolescent type 1 diabetes cardiorenal intervention trial (AdDIT),” BMC Pediatrics, vol. 9,
p. 79, 2009.
[37] Cholesterol Treatment Trialists' (CTT) Collaborators, P. M.
Kearney, L. Blackwell et al., “Eﬃcacy of cholesterol-lowering
therapy in 18,686 people with diabetes in 14 randomised trials
of statins: a meta-analysis,” Lancet, vol. 371, pp. 117–125,
2008.
[38] M. McGill, L. Molyneaux, S. M. Twigg, and D. K. Yue, “The
metabolic syndrome in type 1 diabetes: does it exist and does
it matter?,” Journal of Diabetes and its Complications, vol. 22,
pp. 18–23, 2008.
[39] S. D. Sibley, I. H. de Boer, M. W. Steﬀes, J. D. Brunzell, and
Diabetes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications (DCCT/EDIC)
Research Study Group, “Intra-abdominal fat and elevated
urine albumin excretion in men with type 1 diabetes,” Diabetes
Care, vol. 30, pp. 1898–1900, 2007.
[40] S. Vella, L. Buetow, P. Royle, S. Livingstone, H. M. Colhoun,
and J. R. Petrie, “The use of metformin in type 1 diabetes: a systematic review of eﬃcacy,” Diabetologia, vol. 53, pp. 809–820,
2010.

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Duarte Gómez, E; Gregory, GA; Castrati Nostas, M; Middlehurst, AC; Jenkins, AJ; Ogle, GD
Title:
Incidence and Mortality Rates and Clinical Characteristics of Type 1 Diabetes among
Children and Young Adults in Cochabamba, Bolivia.
Date:
2017
Citation:
Duarte Gómez, E., Gregory, G. A., Castrati Nostas, M., Middlehurst, A. C., Jenkins, A. J. &
Ogle, G. D. (2017). Incidence and Mortality Rates and Clinical Characteristics of Type 1
Diabetes among Children and Young Adults in Cochabamba, Bolivia.. J Diabetes Res, 2017,
pp.8454757-. https://doi.org/10.1155/2017/8454757.
Persistent Link:
http://hdl.handle.net/11343/257582
File Description:
published version
License:
CC BY

