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In a community survey, 4432 persons aged 15 years and
older in two districts in Uganda were studied. Blood
pressure was measured and predictors for subtypes of
uncontrolled hypertension (HTN) were assessed using
bivariate and multivariate logistic regression modeling.
Prevalence of uncontrolled HTN was 20.2% and the
subgroups of isolated systolic HTN (ISH), isolated diastolic
HTN (IDH), and systolic-diastolic HTN (SDH) were 7.2%,
4.2%, and 8.8%, respectively. No difference was observed
between the sexes. For all HTN subtypes, middle

(35-49 years) and older age (50+) groups had a higher
prevalence compared with younger subjects (15-34 years)
(all P<.001). IDH prevalence in older age was not higher
compared with younger age (P=.417). After multivariate
analysis, middle age predicted all subtypes of HTN and
old age predicted ISH and SDH. Alcohol consumption
predicted IDH and SDH. Uncontrolled HTN in this popula-
tion increases in the order IDH, ISH, and SDH, with more
than 1 in 5 having uncontrolled HTN. J Clin Hypertens
(Greenwich). 2015;17:63-69. © 2014 Wiley Periodicals, Inc.

Uncontrolled hypertension (HTN) is one of the most
1mp0rtant preventable causes of cardiovascular dis-
eases.”? Approximately 54% cases of stroke and 47%
cases of coronary heart disease worldwide are attribut-
able to HTN.? Moreover, uncontrolled HTN is associ-
ated with increased mortahty and morbidity.** HTN is
rapidly becomin ng a major public health burden in sub-
Saharan Africa.®” Unlike in higher-income countries,
HTN-related mortality in developing countries is occur-
ring in relatively younger age groups.®®1°

Uncontrolled HTN is defined as systolic blood
pressure (SBP) >140 mm Hg and/or diastolic blood
pressure (DBP) >90 mm Hg.'' Isolated systolic HTN
(ISH) is defined as SBP >140 mm Hg and DBP <90 mm
Hg, isolated diastolic HITN (IDH) is defined as SBP
<140 mm Hg and DBP >90 mm Hg, and systolic-
diastolic HTN (SDH) 1s defined as SBP >140 mm Hg
and DBP >90 mm Hg.'*

Adequate treatment and control of HIN can save
many lives from cardiovascular-related mortality and
morbidity.'*'* However, pharmaceutical control of
HTN on a population scale is not feasible, especially in
low-income settings, where there is already a high burden
of communicable diseases.'’ Recent studies show that
detection rates of HTN are very low. Among patients who
have detected HTN, few are taking treatment and among
those on treatment, very few are controlled.” Agamst
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this background, understanding the burden of uncon-
trolled HTN and its subtypes would provide critical
information for public health policy and practice. In this
study, we estimate the prevalence of uncontrolled HTN
and subtypes and assess the associations between the risk
factors and subtypes of HTN.

METHODS

Setting and Study Population

This was a community cross-sectional study that was
conducted in the districts of the Mukono and Buikwe in
Uganda using the World Health Organization (WHO)
STEPS instrument. The detailed methodologlcal and
sampling process has been reported elsewhere.” The
study population was composed of persons aged
15 years and older in urban and rural communities of
the Buikwe and Mukono districts in Uganda. For this
analysis, 4432 surveys with complete datasets were
analyzed. The dataset excluded study sub]ects who had
achieved adequate control® and those with missing data.
Study subjects were classified as having uncontrolled
HTN if their SBP was >140 mm Hg or DBP was
>90 mm Hg or both.'?

Measurements

Data were collected by trained research assistants using
a standardized questionnaire at the respondents’ homes.
The questionnaire was used to enlist sociodemographic,
behavior, anthropometric measurements and blood
pressure (BP). BP was measured on a single occasion
using an independently validated HONSUN automated
digital BP monitor (model LD; HONSUN Group,
Shanghai, China)'” with appropriate cuff sizes. Three

The Journal of Clinical Hypertension Vol 17 | No 1 | January 2015 63



Uncontrolled Hypertension in Uganda | Musinguzi et al.

BP measurements (at least 1 minute apart) were taken
after 5 minutes of rest with the participant in a seated
position. For each participant, the mean of the 3 values
was calculated to estimate their BP. Body weight
was measured using calibrated Seca scales (Hamburg,
Germany) with the patients lightly clothed, and height
was measured using standard height meters. In both
cases, participants removed their shoes. Body mass
index (BMI) was calculated as weight measured in
kilograms (kg) divided by the square of height in meters
(m?). Waist circumference was measured around a
horizontal plane through the mid-point between the
lower costal margin and the iliac crest waistline while
clothed lightly or unclothed.

Study Variables

Outcome Variables. Participants’ BPs were categorized

based on the WHO cutoff points for classification of BP.

e Normotension: Subjects with SBP <140 mm Hg and
DBP <90 mm Hg were classified as normotensive.

e [SH: Subjects with SBP >140 mm Hg and DBP
<90 mm Hg were classified as having ISH.

e [DH: Subjects with DBP >90 mm Hg and SBP
<140 mm Hg were classified as having IDH.

e SDH: Subjects with SBP >140 mm Hg and DBP
>90 mm Hg had combined elevated BP and were
classified as having SDH.

Couvariates/Predictor Variables.

® Rural/urban residence: People were classified as
urban dwellers if they resided in a town with a
population of more than 10,000 persons as defined
by the Uganda national bureau of statistics. All
others who did not meet this criterion were classified
as rural dwellers.'®

e BMI: Using the WHO classification of body weight
(underweight, normal weight, overweight, and obese),
a cutoff of 25 was utilized to classify participants as
overweight/obese if their BMI was >25.

e Age: Age was classified into 3 groups: young (<35),
middle age (35-49), and older (50+) based on the
following reasons. Adults older than 35 years have
>1 vascular risk factor.'® Before reaching 50 years of
age, most people with HTN have elevated diastolic
pressure.”” After the age of 50 years, systolic
pressure rises as diastolic pressure tends to fall.?
Moreover, after age 50 or 60, SBP increases and the
risk of cardiovascular events are highly attributed to
systolic HTN.?' The WHO guidelines for the
prevention of CVDs indicate that people 50 years
and older are at highest risk for CVDs and therefore
are candidates for intervention with a preventive
polypill.>* Because the onset of HTN and CVDs
occur at a relatively lower age group in low-income
settings compared with higher-income countries,*!**
and the fact that data are scant in this setting, we
opted for the above age stratification.

® Education status: Level of education was classified
into two groups. All those who had attained a level

of training at a secondary or higher level were
classified as post-primary, whereas those who did
not receive any formal education or attained only
some level of education at any primary level were
classified as pre-secondary.

e Alcohol consumption: Participants were asked
whether they had ever consumed alcoholic beverages
and whether they were currently drinking alcohol.

e  Waist circumference: Participants were classified as
having an elevated waist circumference if it was
>94 c¢cm for men or >80 cm for women.

Statistical Analysis

Data extraction and computations to generate outcome
variables (ISH, IDH, and SDH) was conducted using
SPSS version 17 (IBM, Armonk, NY). Using STAT
transfer, data were transferred to STATA 10.0 software
(StataCorp, College Station, TX) for further analysis. To
control for clusters and standard errors, computations
for robust standard errors and cluster options in STATA
10 were used. To estimate the overall and type-specific
(ISH, IDH, and SDH), prevalence of uncontrolled HTN
proportions were used. To determine whether subtypes
of uncontrolled HTN differed with risk factors (sex, age,
level of education, residential status, alcohol consump-
tion, and BMI), crude odds ratios (ORs) were performed
using binary logistic regression. To compare and identify
independent predictors of ISH, IDH, and SDH, adjusted
ORs (aOR) with their 95% Cls were computed using
multivariate logistic regression analysis. All predictor
variables (sex, age, residence status, education, alcohol
consumption, and BMI) were entered and controlled for
each other in the model. For all tests, a P value of <.05
was taken as statistically significant.

Ethics Statement

This study received approval from the institutional
review board of Makerere University School of Public
Health and the Uganda National Council of Science
and Technology. Written informed consent and ascent
were obtained from the adults aged 18 years and
older and minors younger than 18 years, respectively.
People diagnosed with HTN were referred to health
facilities.

RESULTS

Demographic Characteristics

Table I shows the basic characteristics of the studied
population. The sample was composed of 36.3%
(1911) men and 63.7% (2821) women. Most partici-
pants were rural residents (66.9% [2963]), and 44.3%
(1965) had attained post-primary education, most of
whom were men (P=.0001). No difference was observed
across the sexes with regard to residential status
(P=.321). The mean age of the studied population was
34.5 years (standard deviation [SD]+15.5). Mean age
was higher among men (mean, 36.12; SD+16.6) com-
pared with women (mean, 33.69; SD+14.8). About 1
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in 5 was overweight (19.2% [852]). Distribution of
study subjects according to the WHO/ISH stages of
HTN reveal that 13.6% (601) were in stage 1 and 6.6%
(293) were in stage 2 and 3. More men were in the
category of stage 1 compared with women (men=15.1
vs women=12.7). Equal proportions were observed for
stage 2 and 3 combined across the sexes (men=6.8 vs
women=6.5).

Prevalence of Uncontrolled HTN and Subtypes of
HTN

The prevalence of uncontrolled HTN in our sample was
20.2% (Table II). The prevalence of ISH, IDH, and
SDH was 7.2%, 4.2%, and 8.8%, respectively, sug-
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TABLE I. Demographic and Basic Descriptive gesting that uncontrolled HTN in this population
Characteristics of the Studied Variables increases in the order of IDH, ISH, and SDH_. The
prevalence of ISH (P=.205) and SDH (P=.435) did not
Characteristic No. (%) differ by sex. Subjects with ISH were significantly older
Sex within and across sexes (P<.0001).
Male 1611 (36.3
Female 2821 263_7; D]js:lr_li_l?\lution of Studied Characteristics by Subtypes
Age, y o
Mean (SD) 34.5 (+15.5) The Figure illustrates the distribution of studied char-
>35 2589 (58.4) acteristics by subtypes of uncontrolled HTN. Urban
35-49 1016 (22.9) residents were more predominate in the IDH category
50+ 827 (18.7) and the proportions were higher among women (women
Residence status 43% vs men 40.8%). In the SDH category, urban men
Rural 2963 (66.9) were more prominent compared with urban women
Urban 1469 (33.1) (men 46% vs women 34%). Pre-secondary education
Educational level was highest in the ISH group and across sexes. Women
Pre-secondary 2467 (55.7) in the ISH group had the highest proportion (79.3%) of
Post-primary 1965 (44.9) pre-secondary education. The Figure also shows that a
Body mass index* higher proportion of women with pre-secondary edu-
izz 32;: :?g'g cation (72.3%) were in the SDH category compared
Hy};er’(ension classification according to WHO’s ISH stages (SBP/E;BP) Z‘z)l;[l};utr?lzg :llca(ﬁl(floi)lvnetreerlilaigﬁef‘sglcyi}){e P;lgtli_(fifr)r? ;ltes (jZ?f:O
7&; (::1'; 1912 (43.1) gory (.72.'8%). ngrweight/obese subjects (BMI 225 )
Normal 991 (22.4) were significantly higher among women cgmpared with
Hi normal 635 (14.3) men across all gubtypes of HTN. Wlthlp the female
Stage 1 601 (13.6) category, overweight/obese subjects were highest among
Stage 2 189 (4.3) the SDH (47.4%) followed by IDH (31.6%) categories.
Stage 3 104 (2.3) In the male category, obese or overweight subjects (BMI
Abbreviations: DBP, diastolic blood pressure; ISH, isolated systolic 225,) Were.very few (<10%)' _The proportion of .Study
hypertension; SBP, systolic blood pressure; SD, standard deviation; Sub]eCtS with elc?vated waist circumference was hlgheSt
WHO, World Health Organization. *BMI 25 classified as overweight/ among women in the SDH group (48.3%) and lowest
obese. among men in the IDH group (1.4%).

Predictors of Subtypes of HTN

Table III represents crude ORs for the different cova-
riates with respect to the various subtypes of HTN
groups. Increasing age was associated with the risk of
ISH and SDH. The risk appeared more marked among
the ISH subtype. The 3 age groups had different odds
of ISH (older vs young: OR, 12.4; 95% CI, 9.4-16.5;
middle vs young: OR, 2.10; 95% CI, 1.47-3.01; and
older vs middle: OR, 5.33; 95% CI, 4.44-6.64). In the
SDH category, the risk was not as explicit (middle vs
young: OR, 4.63; 95% CI, 3.48-6.15; older vs young:
OR, 10.7; 95% CI, 8.1-14.1). Older age was not
associated with the IDH subtype (middle vs young:
OR, 2.11; 95% CI, 1.53-2.92; older vs young: OR,
1.32; 95% CI, 0.84-2.10). Persons in urban areas

TABLE Il. Prevalence of Subtypes of Uncontrolled HTN and Age Distribution by Sex and Subtypes of HTN

Abbreviations: HTN, hypertension; IDH, isolated diastolic hypertension; ISH, isolated systolic hypertension; NT, normotension; SD, standard deviation;
SDH, systolic-diastolic hypertension.

Female Male
Variable NT ISH IDH SDH NT ISH IDH SDH
No. (%) 2280 (80.8) 193 (6.8) 114 (4.1) 234 (8.3) 1258 (78.1) 124 (7.7) 71 (4.4) 158 (9.8)
Age, mean (SD), y 30.6 (12.5) 53 (17.5) 34.1 (11.4) 47.3 (14.6) 33.7 (15.4) 46.3 (21.5) 36.6 (12.5) 46.9 (16.1)
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FIGURE. Percentage distribution of characteristics by subtypes of hypertension across sex. BMI indicates body mass index; IDH, isolated
diastolic hypertension; ISH, isolated systolic hypertension; SDH, systolic-diastolic hypertension; WC, waist circumference. .

compared with rural areas differed in the IDH and
SDH groups but did not differ among the ISH group
(IDH: OR, 1.55; 95% CI, 1.15-2.09; SDH: OR, 1.34;
95% CI, 1.08-1.67; and ISH: OR, 0.80; 95% CI, 0.62—
1.03). Level of education differed significantly only in
the ISH and SDH subtypes (ISH: OR, 2.22; 95% CI,
1.72-2.86; SDH: OR, 1.49; 95% CI, 1.20-1.85).
Alcohol consumption was significantly associated with
all 3 categories of HTN (ISH: OR, 1.44; 95% CI, 1.14—
1.81; IDH: OR, 1.77; 95% CI, 1.31-2.40; and SDH:
OR, 2.28; 95% CI, 1.83-2.83). Being overweight or
obese was only associated with the SDH subtype of
HTN (OR, 2.83; 95% CI, 2.27-3.54).

In a multivariable logistic regression model, covariates
(sex, age, residential status, education status, alcohol
consumption, and BMI) were controlled for each other
to determine the independent predictors of subtypes of
uncontrolled HTN. Table IV shows that middle age was
a predictor for all subtypes (ISH: aOR, 1.95; 95% CI,
1.35-2.82; IDH: aOR, 2.04; 95% CI, 1.45-2.87; and
SDH: aOR: 3.97, 95% CI, 2.95-5.34) and old age was a
likely predictor for ISH and SDH (ISH: aOR, 11.9; 95%
CI, 8.82-16.25; IDH: aOR, 1.32; 95% CI, 0.81-2.14;
and SDH: aOR, 10.3; 95% CI, 7.65-13.9). Urban
residents had a higher risk of IDH and SDH compared
with their rural counterparts (IDH: aOR, 1.59; 95% CI,
1.16-2.19; SDH: OR, 1.66; 95% CI, 1.30-2.13). Low
education predicted ISH (aOR: 1.39; 95% CI, 1.04—
1.86). Alcohol consumption predicted IDH (aOR: 1.58;
95% CI, 1.16-2.16) and SDH (aOR: 1.48; 95% CI,

1.17-1.88). Overweight/obesity predicted ISH and SDH
(aOR: 2.56; 95% CI, 1.97-3.32)

DISCUSSION

Epidemiological studies addressing uncontrolled HTN
and its subtypes are scarce in sub-Saharan Africa and
Uganda in particular. In this study, more than 1 in 5 of
our study population had uncontrolled HTN. Stage 1
HTN was more common among men compared with
women. ISH and SDH were more prevalent compared
with IDH. The association between urban residents with
ISH was not different from their rural counterparts, but
the difference was observed with respect to IDH and
SDH. Increasing age was associated with the risk of ISH
and SDH, while older age was not significantly associ-
ated with the IDH subtype. About 1 in 5 were
overweight or obese and were significantly higher
among women compared with men across all subtypes
of HTN. The proportion of elevated waist circumfer-
ence was highest among women in the SDH group and
lowest among men in the IDH group.

The prevalence of uncontrolled HTN in this popula-
tion is comparable to other estimates within sub-
Saharan Africa.””** In agreement with studies conducted
in high- and low-income countries, age was strongly
associated with uncontrolled HTN.*”*"*% Middle age
was associated with all subtypes of HTN; older age was
associated with only ISH and SDH, but the association
was stronger in the ISH group, which is considered
the main cause of uncontrolled HTN in the older
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TABLE Ill. Crude ORs and 95% Cls of Subtypes of
HTN According to Sex, Age, Residential Status,
Education, Alcohol, and BMI

TABLE IV. Adjusted ORs and 95% Cls of Different
Types of HTN According to Sex, Age, Residential
Status, Education, Alcohol Consumption, and BMI

Abbreviations: BMI, body mass index; Cl, confidence interval; IDH,
isolated diastolic hypertension; HTN, hypertension; ISH, isolated
systolic hypertension; OR, odds ratio; SDH, systolic-diastolic hyper-
tension. ?P<.001. ®P<.05.°P<.005.

population.?” It was interesting to observe that study
subjects of older age had about a 6-fold risk of ISH
compared with those of middle age and more than 12-
fold risk of ISH compared with subjects in the young age
group. Physiological descriptions explain this associa-
tion. Older age is associated with the rise in SBP and the
decline in SBP that occurs as a result of arterial
stiffening.>® Besides in the older population, middle
age was also associated with ISH in this study, although
the association was not as strong. This finding appears
to suggest that onset of ISH in this population could be
occurring at a younger age. Unlike ISH, IDH was only
associated with middle age even after controlling for
possible confounders. This finding is in aﬁreement with
evidence from higher-income countries. Other key
predictors were alcohol consumption, which was asso-
ciated with IDH and SDH, and BMI, which was
associated with ISH and SDH after multivariate analy-
sis. BMI is used as a proxy measure for overweight and
obesity.>* In addition, BMI and waist circumference are
regarded as simple measures of adiposity ass0c1ated
with metabolic abnormalities, especially in the elderly.**
Study subjects with a BMI 225 were more likely to have
ISH and SDH.

ISH IDH SDH ISH IDH SDH
Variable OR (95% Cl) OR (95% ClI) OR (95% Cl) Variable OR (95% Cl) OR (95% Cl) OR (95% ClI)
Sex Sex
Female 1 1 1 Female 1 1 1
Male 1.16 (0.92-1.47) 1.12(0.83-1.53) 1.24 (0.98-1.15) Male 1.02 (0.78-1.33) 1.11 (0.81-1.54) 1.20 (0.94-1.54)
Age, y Age, y
Young age 1 1 1 <35 1 1 1
(<35) 35-49 1.95 (1.35-2.82)* 2.04 (1.45-2.87)* 3.97 (2.95-5.34)%
Middle age 2.10 (1.47-3.01)® 2.11 (1.53-2.92)* 4.63 (3.48-6.15)% 50+ 11.9 (8.82-16.25)21.32 (0.81-2.14) 10.3 (7.65-13.9)3
(35-49) Residential status
Older age 12.4 (9.39-16.5)% 1.32 (0.84-2.10) 10.7 (8.11-14.1)? Rural 1 1 1
(50+) Urban 1.28 (0.95-1.71) 1.59 (1.16-2.19)* 1.66 (1.30-2.13)3
Residential status Education
Rural 1 1 1 Post-primary 1 1 1
Urban 0.80 (0.62-1.03) 1.55 (1.15-2.09)° 1.34 (1.08-1.67)° Primary and 1.39 (1.04-1.86)° 0.92 (0.66-1.26) 1.12 (0.87-1.43)
Education below
Post-primary 1 1 1 Consumed alcohol
Primary and  2.22 (1.72-2.86)* 0.95 (0.71-1.28) 1.49 (1.20-1.85)* No 1 1 1
below Yes 0.96 (0.74-1.24) 1.58 (1.16-2.16)° 1.48 (1.17-1.88)°
Consumed alcohol BMI
No 1 1 1 <25 1 1 1
Yes 1.44 (1.14-1.81)° 1.77 (1.31-2.40)* 2.28 (1.83-2.83)* 25+ 1.42 (1.03-1.95)° 1.18 (0.80-1.72) 2.56 (1.97-3.32)3
BMI Abbreviations: BMI, body mass index; Cl, confidence interval; IDH,
<25 1 1 1 isolated diastolic hypertension; HTN, hypertension; ISH, isolated
25+ 1.31 (0.98-1.73) 1.39 (0.97-1.99) 2.83 (2.27-3.54)° systolic hypertension; OR, odds ratio; SDH, systolic-diastolic hyper-

tension. 2P<.001. °P<.05. °P<.005.

Clinical, Research, and Policy Implications

ISH presents the greatest risk for CVD among the
elderly§ and control is reported to be difficult in this
group.”® Given that lifestyle modifications might be
difficult to change in older patients, it is important for
the healthcare system to indentify these population at all
possible opportunities and initiate them on pharmaceu-
tical control to reduce the risks of CVD morbidity and
mortality. ISH in young people has been described as
paradoxical with regard to treatment decision-mak-
ing.>” O’Rourk and Adji argue that it is not appropriate
to apply the same treatment guidelines for ISH across all
age groups since the causes of ISH vary among these
populations. Whereas in the elderly population ISH is
caused by aortic stiffening, ISH in younger populations
is caused by higher amplification of the central pressure
wave.

Uncontrolled ISH in the populations suggests that
CVD can be prevented by instituting behavior change
modification measures to control high BP. Such mea-
sures should particularly target the young and middle-
aged populations given that their behaviors are more
likely to be influenced compared with the older popu-
lation. In the event that there is no effort to curb ISH in
the face of increasing life expectancy and rapid demo-
graphic transition, greater challenges with ISH will be
inevitable in the future.*®
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The clinical significance of IDH is still largely
described as unclear due to mixed findings from
various population studies.>®**~** Whatever the case,
however, the Framingham study found that individuals
with IDH had a 23-fold risk of developing SDH
compared with their counterparts with normotension
in a follow-up study of up to 10 years.** In this low-
income context where the population is largely young,
with majority of the adult population in their 40s or
younger, the findings reinforce the need for public
health intervention to mitigate or postpone progression
of IDH into SDH.

Measurement of BMI and waist circumference require
anthropometric tools that are inexpensive, effective, and
do not require highly skilled personnel. Increased access
to these tools, such as weighing scales and height
meters, provide opportunities for first-level screening for
HTN.®

LIMITATIONS

This was a cross-sectional study, meaning that cause
and effect could not be established. Although 3 BP
measurements were taken to estimate the average, all of
them were taken on a single occasion, which could
result in overestimation of uncontrolled HTN. How-
ever, the effect should be minimal for the within-sample
comparison.”** Generalizability of the study findings
should also be applied with caution as most men were
not found at home during the survey. In spite of these
limitations, we had a large sample size, and all BP
measurements were conducted at the study subjects’
homes, which is associated with minimal white-coat
HTN effect.

CONCLUSIONS

More than 1 in 5§ adults in this population have
uncontrolled HTN. Uncontrolled HTN in this popula-
tion increases in the order IDH, ISH, and SDH. There is
an urgent need for further research and resources to
understand and mitigate the growing burden of uncon-
trolled HTN in Uganda. Greater partnerships with key
players (WHO, Centers for Disease Control and Pre-
vention, the Pan American Health Organization, and
the World Hypertension League) should be harnessed to
establish essential resources for screening, education,
and improved lifestyle as well as understanding other
risk factors such as dietary salt intake, which is still
understudied in the country.

Disclosure: All authors declare that they have no competing interests.
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