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Introduction: Microalbuminuria is considered the earliest sign of diabetic nephropathy
among patients with type 1 diabetes mellitus (T1DM). The prevalence of microalbuminuria
among African children with T1DM is reported to be high, yet its prevalence and population-
specific risk factors in Botswana are not known.

Aim: This study aimed to determine the prevalence of microalbuminuria among children and
young adults with TIDM in Botswana and identify factors associated with microalbuminuria
in this population.

Methods: A retrospective cross-sectional study was conducted on 127 T1DM patients aged
<24 years followed at a pediatric endocrinology clinic in Botswana from 2010 to 2017.
Clinical, laboratory, and demographic data were collected using chart review and patient
surveys. Descriptive statistics were reported as mean and standard deviation for continuous
variables, and frequency and percentage for categorical variables. Prevalence of microalbu-
minuria was calculated as a simple proportion. Group comparison was done using two-
sample independent r-test, X*-test, or Fisher’s exact test and logistic regression to assess for
associations. Level of significance was set at p<0.05.

Results: There were a total of 71 (55.9%) females. The mean age was 18.7 (£5) years and
mean duration of TIDM was 6.6 (+4.6) years. Most study participants were of African descent.
The prevalence of microalbuminuria was 28.3%. Group comparison revealed gender (p=
0.040), duration of diabetes (p= 0.002), systolic blood pressure (p=0.003), baseline glycated
hemoglobin (HbA1c) (p=0.009) and Tanner’s stage (p=008) to be significantly associated with
microalbuminuria. On binary logistic regression, only gender (p=0.039) and baseline HbAlc
(p=0.039) were independently associated with the presences of microalbuminuria.
Conclusion: This study identified a high prevalence of microalbuminuria among children
and young adults with TIDM in Botswana and reaffirms the importance of early detection,
glycemic control, and regular screening to prevent diabetic nephropathy.
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Introduction

Worldwide, diabetic nephropathy accounts for the majority of morbidity and mortality
due to type 1 diabetes mellitus (T1DM)."* Diabetic nephropathy is associated with
end-stage renal disease (ESRD) requiring renal replacement therapy, cardiovascular
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diseases, escalating health care costs, and premature death.?
A two-year prospective study conducted among American
T1DM patients aged 818 years found an incidence rate of
10% and 9% for children and adolescents, respectively, but
the incidence may be even higher among children in African
countries.’

The development of diabetic nephropathy consists of
several stages, the earliest being microalbuminuria which
can progress to overt proteinuria and ultimately
ESRD.'"""!? It invariably precedes overt diabetic nephro-
pathy and can be an early sign of vascular damage in both
kidneys and heart.'*"'* Although microalbuminuria may
regress spontaneously in a proportion of cases, it remains
the best documented predictor for high risk of develop-
ment of diabetic nephropathy in TIDM."?

The incidence of microalbuminuria among children
with T1DM varies depending on study setting. According
to the Oxford Regional Prospective study, the cumulative
prevalence of microalbuminuria was 25.7% after 10 years
of diabetes and 50.7% after 19 years of diabetes and 5182
patient years of follow-up.* The prevalence of microalbu-
minuria reported from African settings is highly variable,
ranging from 12% in Tanzania to 51% in Ethiopia, but this
variability may be due to diversity of study design and
small sample sizes.”'°

Hypertension and poor glycemic control have been found
to be the most significant factors associated with microalbu-
minuria and ultimately ESRD.'” Additionally, the incidence
of microalbuminuria in T1DM increases at puberty, a time of
exaggerated physiologic insulin resistance and higher andro-
gen and growth hormone production.'® Other risk factors for
microalbuminuria identified in previous studies include dura-
tion of diabetes, female gender, obesity, dyslipidemia, and
genetic predisposition.'>!%12!

Racial and ethnic differences in the prevalence of dia-
betic nephropathy and ESRD have also being reported.
American patients of African ancestry have been found
to be more affected by diabetic nephropathy and compli-
cations of ESRD.” A study conducted in South Africa
showed that microalbuminuria was significantly more pre-
valent in black than in white patients, despite a 50%
shorter duration of diabetes for black patients.'* Several
factors could have contributed to these differences, includ-
ing genetic predisposition and/or racial disparities result-
ing in differential access to care leading to late diagnosis
and poor glycemic control.

In Botswana, there are no published studies on T1IDM and
its associated complications. More studies are needed to

ascertain the burden of T1DM in this setting, to characterize
its short- and long-term complications, as well as identify risk
factors associated with an increased risk of complications and
progression to ESRD. Hence, in this study, we aimed to
define the prevalence of and identify factors associated with
microalbuminuria in pediatric patients with TIDM to better
inform prevention measures in this population.

Materials and Methods
A retrospective cross-sectional study was conducted in
a Pediatric Endocrinology clinic based in Botswana’s largest
tertiary referral hospital. The clinic was established in 2010
and is staffed by two board-certified pediatric endocrinologists
and a diabetic nurse. The clinic sees an average of 20 patients
per week, the majority of which are diabetic patients. The
clinic has access to basic and advanced laboratory services to
conduct a range of clinical tests, including urine protein,
glycated hemoglobin (HbA1C), renal and liver function tests.
Study inclusion criteria included the following: chil-
dren and young adults <24 years of age with TIDM and
followed at the Pediatric Endocrinology clinic between
2010 and 2017 and had at least two urine chemistry tests
completed during that period. Those patients with known
causes of proteinuria other than TIDM were excluded.
Demographic characteristics, duration of T1DM, HbAlc
level, and systolic blood pressure, were collected as expo-
sure variables. Presence and frequency of microalbumi-
nuria, as well as reversion to normoalbuminuria from
microalbuminuria, were outcome variables.

Screening and Diagnosis of

Microalbuminuria

Using international consensus guidelines from the

International Society for Pediatrics and Adolescent
Diabetes (ISPAD), patients were initially screened for
albuminuria 2-5 years after the diagnosis of TIDM, or at
the onset of puberty, whichever came first.** Diagnosis of
microalbuminuria was defined as two or more urine albu-
min sample values of 30—300 mg/day, and macroalbumi-
nuria was defined as two or more urine albumin sample
values of >300 mg/day.

Medical records of all patients who fulfilled the inclu-
sion criteria were reviewed to obtain laboratory results,
blood pressure, and glycemic control as well as insulin
and/or antihypertensive medication use. A data extraction
form was used to capture demographic and clinical char-
acteristics of the participants.
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Data Analysis

Data were analysed using Statistical Package for Social
Sciences version 27 for Mac (Chicago, USA). Continuous
variables were expressed as means + standard deviation
(SD) whereas categorical variables were expressed as fre-
quencies and percentages. The prevalence of microalbu-
minuria was described in simple proportion. Continuous
variables between groups were compared using two-
sample independent #-test and categorical variables by
Chi Square or Fisher’s exact tests. Factors that demon-
strated an association with microalbuminuria were entered
into binary logistic regression model to control for con-
founders. Level of significance (p-value) was set at 0.05.

Results
A total of 180 patients were diagnosed with TIDM from
2010 to 2017 at the study site. Fifty-three patients were
excluded from the analysis; 29 did not have urine results in
their records while 24 of the patients were not yet eligible
for screening according to the inclusion criteria. A total of
127 patients were used for the final analysis (Figure 1).
There were 71 (55.9%) females. The majority (123;
96.9%) of study participants were of black race. The mean

age of the study participants was 18.7 (£5) years with the
mean duration of TIDM disease of 6.6 (+4.6) years.
Family history of TIDM was found in 66 (52%) of the
study participants. Most of the study participants were in
the pubertal and post-pubertal stage of development. Only
12 (9.4%) were on angiotensin-converting enzyme inhibi-
tors/Angiotensin II receptor blockers (ACEI/ARB) treat-
ment (Table 1).

One hundred and seven (84.3%) of the study partici-
pants had no concurrent conditions. In the remaining 15.7%
of the participants, documented concurrent conditions
included cerebrovascular accident (n=2), epilepsy (n=2),
hypercholesterolemia (n=2), pulmonary tuberculosis
(n=2), asthma (n=1), Bardet-Biedl syndrome (n=1),
Beckwith-Wiedemann syndrome (n=1), developmental
delay (n=1), Graves’ disease (n=1), human immunodefi-
ciency virus infection (n=1), hypothyroidism (n=1), obesity
(n=1), Prader—Willi syndrome (n=1) and Down syndrome
(n=1). All the study participants were on insulin treatment,
while three of the participants were using both insulin and
oral hypoglycemic agents for their obesity treatment.

Microalbuminuria was present in 36 out of 127 study
participants giving a prevalence of 28.3% for this cohort.

Total number of
medical records
reviewed
n=180

Excluded (n=53)
e No urine test results

l

v

(29)
e Criteria for screening

Total number of
medical records
analyzed
n=127

not met (24)

Microalbuminuria
n=36

Figure | Flow diagram of study participants selection.

Normoalbuminuria
n=91
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Table | Sociodemographic Characteristics of Study Participants

Variable Frequency (%) n= 127
Gender

Male 56 (44.1)

Female 71(98.4)
Age (years), mean (SD) 18.7 (5)
Age at diagnosis of DM (years), mean(SD) | 12.1(4.7)
Duration of diabetes (years), mean (SD) | 6.6 (4.6)
Race

African 123 (96.9)

Others 4 (3.1)
BMI, mean (SD) 22.1 (4.6)
Systolic BP (mmHg), mean (SD) 121.3 (16.9)
Initial HbAlc (%), mean (SD) 1.3 (2.7)
Tanner Staging

9 (7.1)

2 10 (7.9)

3 7 (5.5)

4 36 (28.3)

5 65 (51.3)
Family History of DM

Yes 66 (52.0)

No 61 (48.0)
Use of ACEI/ARB

Yes 12 (9.4)

No 112 (88.2)

Abbreviations: SD, standard deviation; BP, blood pressure; HbAlc, glycated
hemoglobin; DM, diabetes mellitus; ACEI/ARB, angiotensin-converting enzyme inhi-
bitor/angiotensin Il receptor blocker.

No study participant experienced macroalbuminuria.
Gender (p=0.04), duration of TIDM disease (p=0.002),
systolic blood pressure (p=0.003), baseline HbAIlc
(0.009), Tanner stage (p=0.009) and use of ACEI/ARB
(p=0.001) had shown statistically significant difference
between groups on simple group comparison (Table 2).
After adjusting for potential confounders on binary logistic
regression model, female gender (p=0.039) and higher
initial HgbAlc (p=0.039) were found to be independently
associated with the of microalbuminuria
(Table 3).

Four patients (3%) had remission of microalbuminuria

presence

to normoalbuminuria. Three patients had missing informa-
tion on the use of ACEI/ARB medication. Group compar-
isons were not made due to the very small number of

patients who experienced remission.

Discussion

In this eight-year cross-sectional survey of children and
young adults with TIDM in Botswana, we identified
a high prevalence of microalbuminuria. Furthermore,
female gender and elevated initial HbA1C were found to
be independently associated with microalbuminuria in this
setting.

The high prevalence of microalbuminuria identified in
this study is comparable to other studies carried out in
Africa in recent years®, including in neighboring South
Africa, where the prevalence of microalbuminuria among
patients with TIDM is reported to be 39.7% among those
of black race.'* High prevalence in Botswana may be due
to genetic predisposition, or barriers to accessing care,
leading to late diagnosis and poor glycemic control,
which is corroborated by the finding that higher baseline
HbA1C was independently associated with the presence of
microalbuminuria. This finding re-affirms the well-
documented association between poor glycemic control
and progression to microalbuminuria and reinforces the
importance of glycemic control as the most important
modifiable factor to prevent renal dysfunction in patients
with both TIDM and Type 2 diabetes mellitus.?'**2°

This study also identified female gender as an indepen-
dent risk factor associated with the presence of microalbu-
minuria. This phenomenon has been described in several
other studies, including the Oxford Regional Prospective
Study.?’*® Factors hypothesized to be driving this differ-
ence include changes in growth hormone release and low
insulin-like growth factor-1 levels, more commonly
reported in girls with TIDM. Furthermore, onset of pub-
erty is earlier in girls and, therefore, adolescent girls may
have had higher cumulative exposure to puberty hor-
mones, as compared to adolescent boys.?®

Development of microalbuminuria has also been
shown to be linked to longer duration of T1DM,'**
with a peak duration of 10-15 years, according to a 10-
year observational study conducted in Denmark."
Although our study demonstrated a statistically significant
association with duration of illness on univariate analysis,
this association weakens during the adjusted analysis,
potentially due to small sample size as well as the rela-
tively short duration of illness experienced among children
and adolescents.

Hypertension and microalbuminuria have been shown
to commonly coexist, but it is unclear whether hypertension

contributes to the development of microalbuminuria.’
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Table 2 Clinical Characteristics of Study Participants and Their Association to the Primary Outcome (Microalbuminuria)

Variables Total n (%) Normoalbuminuria n (%) Microalbuminuria n (%) P value
Gender
Male 56 (44.1) 45 (49.5) 11 (30.6)) 0.040
Female 71 (55.9) 46 (50.5) 25 (69.4)
Age (years), mean (£SD) 18.7 (5) 182 (5.1) 19.9 (4.9) 0.109
Age at diagnosis of DM (years), mean (SD) 12.1 (4.7) 12.5 (4.8) 11.3 (44) 0.220
Duration of illness/diabetes (years), mean (SD) 6.6 (4.6) 5.8 (4.3) 8.6 (4.7) 0.002
Race
African 123 (96.9) 88 (96.7) 35 (97.2) 0.682
Others 4 (3.1) 3(3.3) I (2.8)
BMI, mean (SD) 22.1 (4.6) 21.8 (4.4) 23 (5) 0.219
Systolic BP (mmHg), mean (SD) 121.3 (16.9) 118.4 (13.7) 128.4 (21.6) 0.003
Initial HBAlc (%), mean (SD) 11.3(2.7) 10.9 (2.7) 12.3 (2.4) 0.009
Family History of DM
Yes 66 (52.0) 46 (50.5) 20 (55.6) 0.378
No 61 (48.0) 45 (49.5) 16 (44.4)
Tanner Staging
| 9 (7.1) 9(9.9) 0 (0.0) 0.008
2 10 (7.9) 9(9.9) | (2.8)
3 7 (5.5) 4 (4.4) 3(83)
4 36 (28.3) 27 (29.7) 9 (25.0)
5 65 (51.3) 42 (46.2) 23 (63.9)
Use of ACEI/ARB
Yes 12 (94) 33.3) 9 (25) 0.001
No 112 (88.2) 85 (93.4) 27 (75)

Abbreviations: SD, standard deviation; BP, blood pressure; HbAlc, glycated hemoglobin; DM, diabetes mellitus; ACEI/ARB, angiotensin-converting enzyme inhibitor/

angiotensin Il receptor blocker.

Table 3 Risk Factors Associated with Development of Microalbuminuria Among Patients with TIDM

Variables Normoalbuminuria Microalbuminuria P value
Gender
Male 45 (49.5) 11 (30.6)) 0.039
Female 46 (50.5) 25 (69.4)
Systolic BP (mmHg), mean (SD) 118.4 (13.7) 128.4 (21.6) 0.237
Duration of diabetes (years), mean (SD) 5.8 (4.3) 8.6 (4.7) 0.638
Initial HbAlc (%), mean (SD) 10.9 (2.7) 12.3 (2.4) 0.039
Tanner Stage
1-2 18 (19.8) | (2.8) 0.269
3-5 73 (80.3) 35 (97.2)

Abbreviations: SD, standard deviation; BP, blood pressure; HbAlc, glycated hemoglobin; DM, diabetes mellitus; ACEI/ARB, angiotensin-converting enzyme inhibitor/

angiotensin Il receptor blocker.
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More recent studies have demonstrated this association dis-
plays diurnal variation.” In our study, systolic blood pres-
sure was not found to be statistically significant on logistic
regression analysis.

According to the Joslin study on the regression of
microalbuminuria in type 1 diabetes mellitus patients,
regression of microalbuminuria was common with
a 6-year cumulative incidence of 58% among patients
aged 1544 years.*® ACEI/ARB therapy was found to be
of diabetic
nephropathy.*® Our study however showed that only 4

protective against the development
(3%) of the patients during the study period regressed to
normoalbuminuria. This may be explained by the fact that,
of the 36 patients microalbuminuria, only 12 (33.3%) were
on ACEI/ARB therapy. Interestingly though, the 4 patients
who regressed to normoalbuminuria were not on ACEl/
ARB therapy. It was therefore difficult to identify factors
associated with regression due to the small number of
patients in this group as well as infrequent use of ACEI’s.

This study had several limitations. First, its cross-
sectional nature does not account for sequence of events
and any associations detected and thus attributable risk
could not be estimated. Second, because a convenience
sample was used, we may have lacked sufficient power to
detect associations that were present. Additionally, many
patients did not have urine testing performed with the
frequency, which is necessary to adequately detect micro-
albuminuria, due to limitations in laboratory capacity.

Bias may have played a role at various parts of this
study, starting from enrolment. Patients who were compli-
ant with attending clinic appointments, and thus eligible
for enrollment, may have been more likely to adhere to
treatment regimens, thus leading to a selection bias and an
underestimation of the true prevalence of microalbumi-
nuria among children with TIDM in Botswana. Since
this study relied on consistent documentation by health-
care workers, information bias may have been introduced
if extra effort was made to search for risk factors in
patients who were noted to have microalbuminuria, poten-
tially introducing an information bias. There may also be
other unmeasured confounders that might have influenced
these results including nocturnal blood pressure, serum
lipid levels, and barriers to healthcare access (such as
health literacy and household income).

Conclusion
We identified a high prevalence of microalbuminuria
among children and young adults with TIDM in

Botswana, comparable to most studies done in Africa.
The association detected between baseline HbAlc and
microalbuminuria in this setting reaffirm the importance
of early detection, excellent glycemic, and regular screen-
ing in the prevention of diabetic nephropathy.
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