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Background. Worldwide, higher-than-optimal fasting plasma glucose (FPG) is among the leading modifiable risk factors associated with all-
cause mortality and disability-adjusted life years (DALYs) due to the direct sequelae of diabetes and the increased risk for cardiovascular and
chronic kidney disease.

Objectives. To report deaths and DALY of health outcomes attributable to high FPG by age and sex for South Africa (SA) for 2000, 2006 and
2012.

Methods. Comparative risk assessment methodology was used to estimate the burden attributable to high FPG. A meta-regression analysis was
performed using data from national and small-area studies to estimate the population distribution of FPG and diabetes prevalence. Attributable
fractions were calculated for selected health outcomes and applied to local burden estimates from the second South African National Burden of
Disease Study (SANBD2). Age-standardised rates were calculated using World Health Organization world standard population weights.

Results. We estimated a 5% increase in mean FPG from 5.31 (95% confidence interval (CI) 5.18 - 5.43) mmol/L to 5.57 (95% CI 5.41 -
5.72) mmol/L and a 75% increase in diabetes prevalence from 7.3% (95% CI 6.7 - 8.3) to 12.8% (95% CI 11.9 - 14.0) between 2000 and
2012. The age-standardised attributable death rate increased from 153.7 (95% CI 126.9 - 192.7) per 100 000 population in 2000 to 203.5
(95% CI 172.2 - 240.8) per 100 000 population in 2012, i.e. a 32.4% increase. During the same period, age-standardised attributable DALY
rates increased by 43.8%, from 3 000 (95% CI 2 564 - 3 602) per 100 000 population in 2000 to 4 312 (95% CI 3 798 - 4 916) per 100 000
population in 2012. In each year, females had similar attributable death rates to males but higher DALY rates. A notable exception was
tuberculosis, with an age-standardised attributable death rate in males double that in females in 2000 (14.3 v. 7.0 per 100 000 population)
and 2.2 times higher in 2012 (18.4 v. 8.5 per 100 000 population). Similarly, attributable DALY rates were higher in males, 1.7 times higher
in 2000 (323 v. 186 per 100 000 population) and 1.6 times higher in 2012 (502 v. 321 per 100 000 population). Between 2000 and 2012, the
age-standardised death rate for chronic kidney disease increased by 98.3% (from 11.7 to 23.1 per 100 000 population) and the DALY rate
increased by 116.9% (from 266 to 578 per 100 000 population).

Conclusion. High FPG is emerging as a public health crisis, with an attributable burden doubling between 2000 and 2012. The consequences
are costly in terms of quality of life, ability to earn an income, and the economic and emotional burden on individuals and their families. Urgent
action is needed to curb the increase and reduce the burden associated with this risk factor. National data on FPG distribution are scant, and
efforts are warranted to ensure adequate monitoring of the effectiveness of the interventions.
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The article in context

Evidence before this study. The first South African Comparative Risk Assessment Study (SACRA1) conducted for 2000 assessed the
attributable burden from five health-related outcomes from diabetes and reported a diabetes prevalence of 5.5% among South Africans aged
>30 years. An estimated 22 412 (95% confidence interval (CI) 20 755 - 24 872) deaths were attributable to diabetes, while a total of 258 028
DALYs (95% CI 236 856 - 290 849), representing 1.6% (95% CI 1.5 - 1.8) of the total DALYs in SA in 2000, were attributable to diabetes.
Added value of this study. Given the shift in focus from treating theoretically decided cut-off points for disease towards managing
continuous distributions of risks for the control of non-communicable diseases (NCDs), our study used updated methodology to estimate
the attributable burden from 19 health-related outcomes for the three time points 2000, 2006 and 2012 incorporating high fasting
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plasma glucose (FPG)-related risk as both continuous (for 7 outcomes) and using a dichotomous approach (diabetes v. no diabetes) for
12 outcomes. A meta-regression model integrating multiple data sources was used to estimate the distribution of FPG in the population
and the diabetes prevalence. We showed a 5% increase in mean FPG and a 75% increase in diabetes prevalence between 2000 and 2012,
and a shocking 43.8% increase in attributable DALY rates over the study period. Our study reports a changing age pattern over time among
females, with increasing proportions of the attributable deaths among women aged >80 years resulting from increases in cardiovascular and
chronic kidney disease. There has been a concerning 98.3% increase in the age-standardised attributable DALY rates from chronic kidney
disease for both males and females.

Implications of the available evidence. SA is not winning the battle against adverse health outcomes from high plasma glucose, which is
often compounded by the challenges of high blood pressure. The disease burden is costly in terms of quality of life, ability to earn an income,
and the physical, economic and emotional burden on the individual and their family (caregivers). A multipronged approach is needed to
mitigate the impact of raised glucose levels and blood pressure. This approach should include mass screening and health promotion activities
that promote lifestyle changes and close the gaps between screening and diagnosis, diagnosis and treatment, and treatment and control. The
National Strategic Plan for the Prevention and Control of Non-communicable Diseases for SA (NSP for NCDs) has implemented a 90/60/50
plan to tackle the health burden from raised glucose levels and raised blood pressure. Monitoring and evaluation of the outcomes in this

plan while making changes for maximum impact are critical to ensure its success.

Worldwide, higher-than-optimal FPG, including diabetes mellitus
and pre-diabetes as its extreme form, is one of the leading modifiable
risk factors associated with all-cause mortality and DALYs. This is
due to the direct sequelae of diabetes, as well as the increased risk of
cardiovascular disease (including myocardial infarction) and chronic
kidney disease that is documented in non-diabetic individuals with
elevated FPG.[!

Diabetes is a fast-growing metabolic disorder affecting ~463
million people aged 20 - 79 years worldwide, with the majority
living in low- to middle-income countries.”! The global prevalence
of diabetes in 2019 was 9.3%, and one in two people living with
diabetes is undiagnosed.® It is projected that by 2030, ~578 million
adults will be living with diabetes, and this will probably rise to
700 million by 2045, with 374 million adults experiencing impaired
glucose tolerance.!! The increasing prevalence of diabetes worldwide
is driven by the complex interplay of demographic, environmental,
socioeconomic, lifestyle and genetic factors.” Globally, 50.1% of
persons aged 20 - 79 years with diabetes are undiagnosed, with
the proportion in Africa being 59.7%. About 77% of deaths due to
diabetes occurred in people aged <60 years.

The prevalence of diabetes is increasing rapidly over time in SA,
and ~4.5 million of the population have diabetes, of whom >2 million
are undiagnosed.”! SACRA1, conducted for 2000, assessed the
attributable burden from 17 risk factors” and reported a diabetes
prevalence of 5.5% among South Africans aged =30 years, with an
expected increased prevalence with age. Similarly, ~22 412 (95%
CI 20 755 - 24 872) or 4.3% (95% uncertainty interval (UI) 4.0 - 4.8)
of all deaths in SA in 2000 were attributable to diabetes, while
258 028 DALYs (95% CI 236 856 - 290 849), representing 1.6% (95%
CI 1.5 - 1.8) of all DALYs, were due to diabetes (including the direct
burden from diabetes, as well as cardiovascular disease and chronic
kidney disease attributable to diabetes as a risk factor).®!

Although the SA government has developed guidelines on
screening programmes for early diagnosis and management of
diabetes,” the rapidly increasing prevalence!"®!" stresses the need
to regularly update the burden of disease due to this risk factor
in the country, in order to refine health policy and programmes.
This article reports the estimated number of deaths and DALYs
of 19 health outcomes!™ attributable to higher-than-optimal
plasma glucose, with or without diabetes (hereafter referred to
as ‘high fasting plasma glucose’ or high FPG), by age and sex for
SA for 2000, 2006 and 2012. The year 2006 was included because

mortality in SA peaked in that year as a result of trends in HIV/
AIDS.

Methods

Comparative risk assessment methodology developed by the World
Health Organization (WHO)"™! and Global Burden of Diseases,
Injuries, and Risk Factors (GBD) studies!'*! was used to estimate
the attributable burden from high FPG by considering conditions
consequential to exposure to diabetes and those consequential to
exposure to high FPG. The attributable fraction was calculated for
selected health outcomes and applied to local estimates of the burden
of disease from the second South African National Burden of Disease
Study (SANBD?2) for the respective years.!"!

Estimation of exposure

Prevalence of diabetes

According to the American Diabetes Association and WHO
diagnostic criteria, we define diabetes as FPG >7.0 mmol/L and/
or currently taking diabetes medication. Alternative diagnostic
criteria are a 2-hour plasma glucose level >11.1 mmol/L after
an oral glucose tolerance test (OGTT), or glycated haemoglobin
(HbAlc) >6.5%.1%!7

Results from seven studies identified in a recent systematic
review!!” were used to model the prevalence of diabetes between
2000 and 2012 in SA. Estimates from studies published before
and after the review period (1997 - 2018) were also included
because of the paucity of the available data and the need to ensure
‘anchor’ points for the trend estimates in some subpopulations.
Table 1 summarises the key characteristics of the considered
studies, which included two national surveys and a set of local
studies among specific population groups. Studies identified by the
systematic review but not included in the meta-regression model
described below are listed in Table S1 in the appendix (https://
www.samedical.org/file/1846) with the reason for exclusion.

For the two national surveys,'*'”) age-, sex- and population group-
specific estimates of diabetes prevalence were directly calculated from
individual-level data, with standard methods. Estimates from the
local studies were recovered from the published articles or provided
by the authors. When the age categories did not match those used in
this analysis, the estimates were linearly interpolated to approximate
the prevalence in the relevant categories. When not directly provided,
CIs were calculated with the normal approximation for prevalence
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Table 1. Characteristics and reported prevalence of data sources used for the estimation of the prevalence of diabetes in the

South African adult population”!

Age range Sample size, Diagnostic Prevalence, %

Source Year* Population group (years) N* test (95% CI)
National surveys

SANHANES-1, 2014 2012 All >15 4750 HbAlc 14.7 (11.8 - 18.3)

SADHS, 20191"! 2016 All >15 6122 HbAlc 14.9 (13.6 - 16.3)
Local studies

Omar et al., 199312 1992 Urban black African >15 479 OGTT 53

Levitt et al., 19932 1990 Urban black African >30 729 OGTT 7.0 (4.9 -9.1)

Omar et al., 19942 1992 Asian >15 2479 OGTT 6.9

Mollentze et al., 1995231 1990 Urban and non-urban black African >25 758 (rural)  OGTT 4.8 (rural)

853 (urban) 6.0 (urban)

Levitt et al., 199924 1996 Urban black African >15 974 OGTT 10.8 (8.2 - 13.5)

Bradshaw et al., 2007¥1* 2000 All >30 Pooled data FPG/OGTT 5.5

Motala et al., 2008!%) 1999 - 2000 Non-urban black African >15 999 FPG/OGTT 5.4(4.0-7.2)

Peer et al., 20122 2008 - 2009 Urban black African >25 1099 OGTT 12.1 (10.2 - 14.0)

Hird et al., 2016%” 2013 - 2014 Urban black African >18 1190 FPG/OGTT 16.5 (14.1 - 19.0)

Zemlin et al., 2019215 2015 Coloured >25 1 409 OGTT 19.3 (17.3 - 21.4)

CI = confidence interval; SANHANES-1 = South African National Health and Nutrition Examination Survey; SADHS = South Africa Demographic and Health Survey;

HbA1c = glycated haemoglobin; OGTT = oral glucose tolerance test, FPG = fasting plasma glucose.

*Year(s) of data collection/reference for the estimates.
*Total sample with valid measurements.

“No direct data collection (estimates from local studies) - studies used in the first South African Comparative Risk Assessment Study.”!

SNot included in Pheiffer et al."!

>10% and samples >50 and with the Bayesian method described by
Gelman et al.® in the other cases.

A fixed-effect linear meta-regression model was fitted to the available
data, with: (i) prevalence of diabetes as the outcome; (ii) year of data
collection and interactions between age group, sex and population
group (urban black African, rural black African, white, coloured and
Asian/Indian) as independent variables; and (iii) type of test used for
diabetes diagnosis (OGTT, FPG or HbAlc) as a confounder. When
data collection spread across 2 years, the midpoint was used. The
arcsine square root transformation was applied to the outcome variable
to stabilise the variance for small proportions and to avoid unrealistic
estimates outside the interval 0 - 1. This transformation was preferred
to the logistic transformation because of the presence, in the input data,
of zero estimates and small sample size for some subgroups where the
logistic transformation is known to perform poorly.*” The following
model was fitted to the data using a maximum likelihood estimator:

t; = asin(ﬁ) = By + By ' Test_FPG; + B, - Test_HbAlc; + 3 Year; +
Ba - Group_2; + -+ f5, - Group_50; +
Ps3 * Year; - Group,; + -+ 1o * Year; - Groupsy,; + &

where Test_FPG, and Test_HbAIc, are the dummy variables
identifying the test used for assessing diabetes prevalence for the
ith data point (using OGTT as a reference); Group ,, to Group , are
dummy variables identifying the sex*population group*age group
combinations for the ith data point; and Year, is the year of reference
for the ith data point (continuous variable).

For the estimation, a normal distribution of the error term ¢; was
assumed, and each observation was weighted by the inverse variance
of each (transformed) data point.

The fitted model was used to predict the transformed prevalence
for each age, sex and population group by year (and their standard
deviation), which were back-transformed in the original scale. The
variables Test_FPG and Test_ HbAIc were both set to 0 so that the
prediction represents the prevalence of diabetes that would have been
observed if the diagnosis was carried out with the OGTT method.

National predicted prevalence estimates (by age and sex) were
calculated as weighted averages of the estimates in each population
group, with weights given by the population size in the group.t!
Urban/rural proportions were sourced from the World Bank estimates
for the whole population of SA and assumed approximately valid
also for the black population group. CIs for the national estimates
were calculated by simulation, by randomly drawing 10 000 samples
from the distribution of the group-specific estimates of prevalence,
calculating their weighted average and considering the 2.5th and
97.5th percentiles of the distribution of the weighted average across
the samples as the lower and upper bounds of the 95% CI.

Fasting plasma glucose

Owing to the dearth of population data on FPG, we adopted an
indirect approach to estimate the continuous exposure of interest, i.e.
we first estimated the age- and sex-specific prevalence of diabetes in
the population, and then used these values to infer the parameters of
the underlying distribution of FPG, outlined below.

Within each age and sex group and year, we assumed a log-normal
distribution of FPG and, according to the diagnostic criteria, that
the proportion of subjects with FPG >7 mmol/L was equal to the
prevalence of diabetes."2 For each group, we estimated the mean FPG
by using the crosswalk equation described by Danaei et al.:2

mean FPG = 483+ 7.47 -p +
0.0046 - age — 0.095 - sex — 0.061 - age :p + 0.60 - sex - p

where p is the prevalence of diabetes; sex is coded 0 for males and 1
for females; and age is the midpoint of the age range of each group.

We calculated the two log-normal parameters (y, and o) of the FPG
distribution by numerical optimisation, such that the distribution
had a mean equal to meanFPG and the cumulative distribution for
FPG 27 mmol/L was equal to the estimated prevalence of diabetes.
We estimated the standard deviation of  and o, by simulation,
sampling randomly from the distribution of the estimated prevalence
and from the distribution of the regression coefficients in the cross-
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walk equation. Calculations were done with R statistical software,
version 3.6.1 (R Foundation for Statistical Computing, Austria) and
Stata version 14 (StataCorp., USA).

Health-related outcomes and relative risks

Seven disease outcomes due to high FPG as a continuous risk
(Table 2A) and 12 due to the presence of diabetes (categorical
risk) (Table 2B) were considered. The latter also includes diabetes
mellitus as an outcome that is 100% attributable to high FPG. For
each risk-outcome pair, relative risks (RRs) were sourced from GBD
2017.02

Burden estimates

SANBD?2 provided estimates of deaths and years of life lost (YLLs)
for the disease outcomes for 2000, 2006 and 2012."¥ Estimates of
DALYs were derived using the ratio of the years lived with disability
(YLDs) to YLLs estimated in the GBD study for SA"? and applied to
the local estimates of YLLs.

Population attributable burden

A set of customised Excel 365 spreadsheets (Microsoft Corp., USA) were
used to calculate, for each of the health outcomes listed in Table 2A, the
potential impact fraction (PIF) for high FPG as a continuous exposure
and the population attributable fraction (PAF) for the presence of
diabetes for the outcomes in Table 2B.

The PIF is the proportion by which an outcome would be reduced
in a given population if the exposure to the risk factor (high FPG) were
reduced to the counterfactual theoretical minimum exposure level
(TMREL). Following GBD 2017 methodology described in the appendix
(https://www.samedical.org/file/1846), the TMREL is assumed to follow
a uniform distribution between 4.5 and 5.4 mmol/L.1%

For a cause o, age group a, sex s and year y, the PIF is calculated as:

25 25
J, RR,qs(x) * Pysy(x) - dx — J‘x:O.g RRqs(x) - Prype () - dx

PIF = x=0.9 =
fx=0.9 RRoas(x) - Pasy(x) - dx

where RR,(x) = RR for health outcome o, age group a and sex s
as a function of the FPG level x, as reported in Table 2; P, (x) =
distribution of FPG in age group a, sex s and year y, defined by
the corresponding log-normal parameters p, and o; and Py (x) =
counterfactual theoretical minimum distribution of FPG, assumed to
be the same across all age groups, sexes and years.

The IntLognormalperunitRR function in the EpigearXL Excel
add-on was used for the calculation of the integrals in the PIF
expression.

Similarly, the population attributable burden for diabetes was
estimated as a special case of the PIF for a binary exposure:

RRyqs - Pasy -1

PAF = —MMMM
RRygs Pasy

where RR,,,= RR for health outcome o, age group a and sex s for
diabetic v. non-diabetic subjects, as reported in Table 2; and P, =
prevalence of diabetes in age group a, sex s and year y.

We estimated the burden attributable to high FPG by multiplying
the burden metric (deaths, YLLs, YLDs and DALYs) sourced from
SANBD2" by the PIF/PAF for the risk-outcome pair for each age,
sex, and year 2000, 2006 and 2012. We then calculated the overall
attributable burden as the sum across all outcomes. Age-standardised
attributable death and DALY rates were calculated using population
estimates from Dorrington® and WHO world standard population
weights.®!

Uncertainty analysis

Monte Carlo simulation-modelling techniques were used to present
uncertainty ranges around point estimates reflecting the uncertainty
in the exposure estimates and in the RR functions. Ersatz software
version 1.35 was used, which allows multiple recalculations of a
spreadsheet (set to 2 000 draws) with different values selected from
distributions defined for the input variables. A normal distribution
was specified for the mean of the population distribution of FPG
using the ErNormal function, and a beta distribution was specified
for the prevalence of diabetes using the ErBeta function. The
uncertainty in the RRs in Table 2 was modelled with the ErRelativeRisk
function, which assumes that the natural logarithm of RR is normally
distributed with mean log(RR).*" The 2.5th and 97.5th percentiles of
the distribution of the replicated calculation were used as the lower
and upper uncertainty bounds of the estimates.

Results

Figs S1 and S2 in the appendix (https://www.samedical.org/file/1846 )
show the estimated age- and sex-specific trends in the prevalence of
diabetes and mean FPG from the meta-regression model. Tables S2
and S3 in the appendix show the estimated prevalence of diabetes
and the parameters of the FPG distribution in 2000, 2006 and 2012.
Between 2000 and 2012, the estimates show a 5% increase in mean
FPG from 5.31 (standard error (SE) 0.06) mmol/L to 5.57 (SE 0.08)
mmol/L and a 75% increase in diabetes prevalence from 7.3% (95%
CI 6.7 - 8.3) to 12.8% (95% CI 11.9 - 14.0). A similar increase was
observed with increasing age. A similar pattern was observed for
females and males. Over the age of 35 years, females had higher mean
FPG and diabetes prevalence than males (Fig. 1).

Age-standardised attributable death rates in persons increased by
32.4% from 153.7 per 100 000 population (95% CI 126.9 - 192.7) in
2000 to 203.5 per 100 000 population (95% CI 172.2 - 240.8) in 2012.
The age-standardised attributable DALY rate was 3 000 per 100 000
population (95% CI 2 564 - 3 602) in 2000 and 4 312 per 100 000
population (95% CI 3 798 - 4 916) in 2012, i.e. a 43.8% increase
(Table S4 in the appendix: https://www.samedical.org/file/1846).
Females and males showed similar age-standardised death rates.
Females had a 1.1 times higher attributable DALY rate than males
for each year (Table S4 in the appendix). Female attributable death
and DALY rates increased by 28.4% and 45.3%, respectively, between
2000 and 2012, while rates in males increased by 38.3% and 42.0%,
respectively (Table S4 in the appendix).

The contribution of high FPG to total deaths in SA increased over
the period investigated (Table 3). High FPG contributed to 5.2%,
5.3% and 8.1% of total person deaths for the years 2000, 2006 and
2012, respectively. A similar pattern of increase was observed for
DALYs; 2.8% in 2000, 2.9% in 2006 and 4.7% in 2012 (Table 3).

The top 10 causes of deaths attributable to high FPG were
the same in 2000 and 2012. Diabetes and cardiovascular disease
(ischaemic heart disease, haemorrhagic stroke, ischaemic stroke
and peripheral vascular disease) were the most signifcant outcomes
of high FPG, followed by chronic kidney disease and tuberculosis
(Fig. 3A). The age-standardised death rate for chronic kidney disease
increased by 98.3% between 2000 and 2012 (11.7 v. 23.1 per 100 000
population) (Table S4 in the appendix: https://www.samedical.org/
file/1846), and the age-standardised DALY rate for chronic kidney
disease increased by 116.9% between 2000 and 2012 (266.3 v. 577.6
per 100 000 population). A similar pattern in deaths and DALYs
was observed by sex (Figs 3A and B) except for tuberculosis, where
males had more deaths and DALYs than females. Age-standardised
attributable death rates for tuberculosis for males were 2 times
higher than for females in 2000 (14.3 v. 7.0 per 100 000 population)
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Fig. 2. High fasting plasma glucose age-standardised (A) attributable death and (B) attributable DALY rates per 100 000 population in South Africa for 2000,

2006 and 2012.

and 2.2 times higher than for females for 2012 (18.4 v. 8.5 per 100 000
population), as shown in Table S4 in the appendix (https://www.samedical.
org/file/1846).

The age distribution of deaths attributable to high FPG for the three
time periods for males and females is shown in Fig. 4. In each period,
female deaths peaked in the 70 - 79-year-olds (except in 2012, where
they peaked in the >80 years age group), while male deaths peaked in
the 45 - 49-year-olds. Diabetes was the biggest contributor to deaths at
all ages for females and males. Most cardiovascular deaths occurred in

those aged >45 years. In general, the number of deaths in <45-year-olds,
an age group where these conditions are expected to be less prevalent, has
increased over time. For females, the proportion of the female attributable
deaths in the >80 years age group increased from 22.1% in 2000 to 27.0%
in 2012. In contrast, the proportion of male attributable deaths in the >80
years age group increased from 12.6% to 14.6%, respectively.

Discussion
Our study is an update of SACRAL® with some fundamental
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Table 2A. RRs for outcomes associated with high FPG as a continuous variable

RR (per unit increase of FPG)

Risk attribution Age group Male Female

Exposure Outcome ICD-10 code method (years) RR LL UL SE RR LL UL SE
Ischaemic heart disease 120 - 125 PIF 25-29 147 115 210 015 147 115 220 0.15
30 - 34 137 115 174 011 137 115 174 0.1
35 -39 127 113 145 006 127 113 145 0.06
40 - 44 122 109 137 006 122 109 137 0.06
45 - 49 121 1.1 133 0.05 121 111 133 0.05
50 - 54 120 1.2 130 0.04 120 112 130 0.04
55 - 59 119 1.2 127 003 1.19 111 127 0.03
60 - 64 118 111 127 003 1.18 111 127 0.03
65 - 69 117 1.08 127 004 117 108 127 0.04
70 - 74 117 108 127 004 117 108 127 0.04
75 -79 117 110 126 004 117 110 126 0.04
80 - 84 117 1.07 132 0.05 117 107 132 0.05
Ischaemic stroke G45 - G46.8,  PIF 25-29 153 1.1 223 018 153 111 223 018
163 - 163.9, 30 - 34 140 1.10 1.85 0.13 140 110 1.85 0.13
165 - 166.9, 35 -39 128 108 156 0.09 128 108 1.56 0.09
167.2 - 167.8, 40 - 44 121 104 1.44 0.08 121 1.04 144 0.08
169.3 - 169.4 45 - 49 120 1.08 138 0.06 120 108 138 0.06
50 - 54 120 1.10 133 0.05 120 1.10 133 0.05
55 - 59 119 1.08 130 0.05 1.19 1.08 130 0.05
60 - 64 119 1.10 130 0.04 1.19 1.10 130 0.04
65 - 69 118 1.07 131 0.05 118 1.07 131 0.05
70 - 74 117 1.06 131 005 1.17 106 131 0.05
Q 75 -79 116 1.08 130 0.05 1.16 108 130 0.05
§ 80 - 84 113 106 133 006 113 106 133 0.06
T‘;" Haemorrhagic stroke 160 - 162, PIF 25-29 151 1.1 222 018 151 111 222 018
g 162.1 - 162.9, 30-34 138 111 1.84 0.13 138 111 1.84 0.13
) 167.0 - 167.1, 35-39 126 1.09 149 0.08 126 1.09 149 0.08
_fg” 168.1 - 168.2, 40 - 44 120 1.05 137 0.07 120 1.05 137 0.07
8 169.0 - 169.2 45 - 49 1.19 1.08 133 005 119 108 133 0.5
) 50 - 54 119 111 130 0.04 119 111 130 0.04
= 55 - 59 119 111 126 003 119 111 126 0.03
60 - 64 119 1.1 125 0.3 1.19 111 125 0.03
65 - 69 118 1.10 126 0.04 1.18 110 1.26 0.04
70 - 74 118 1.09 126 0.04 1.18 1.09 126 0.04
75-79 116 1.09 123 0.03 1.16 1.09 123 0.03
80 - 84 112 106 125 004 112 106 125 0.04
Peripheral vascular disease 173 PIF 25-29 826 6.04 930 0.11 826 6.04 930 0.10

30 - 34 6.65 538 745 0.08 6.65 538 745 0.10
35-39 504 444 567 0.06 5.04 444 5.67 0.10
40 - 44 414 356 476 0.07 414 356 476 0.10
45 - 49 395 345 450 0.07 395 345 450 0.10
50 - 54 376 335 423 0.06 376 335 423 0.10
55-59 357 321 397 0.05 357 321 397 0.10
60 - 64 337 3.08 371 0.05 337 308 371 0
65 - 69 318 292 347 0.04 3.18 292 347 0
70 -74 299 276 325 004 299 276 33 0
75-79 280 256 3.05 0.04 280 256 305 0
80 - 84 232 198 267 0.08 232 198 267 0.10

CKD due to hypertension  I12 - 113 PIF All 1.39 127 151 0.04 139 127 151 0.04
CKD due to NO3 - N06 PIF All 1.39 127 151 0.04 1.39 127 151 0.04
glomerulonephritis

CKD due to other causes ~ N02, NO7 - PIF All 1.39 127 151 004 139 127 151 0.04
and unspecified causes NO08, N18

RR = relative risk; FPG = fasting plasma glucose; LL = lower confidence limit; UL = upper confidence limit; SE = standard error; CKD = chronic kidney disease; PIF = potential impact fraction.
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Table 2B. RRs for outcomes associated with diabetes (categorical risk)

Risk attribution Age group

RR (diabetes v. no diabetes)
Male

Female

Exposure Outcome ICD-10 code method (years) RR LL UL SE RR LL UL SE
Tuberculosis Al5 - Al9, PAF 25-29 2.73 197 3.60 0.15 273 197 3.60 0.15
B90, U51, U52 30 - 34 2.80 206 3.66 0.15 280 2.06 370 0.15
35-39 2.87 205 370 0.15 2.87 2.05 370 0.15
40 - 44 280 197 3.63 0.16 280 197 3.60 0.16
45 - 49 258 191 327 0.14 258 191 330 0.14
50 - 54 236 182 294 0.12 236 182 290 0.12
55-59 215 169 267 012 215 1.69 270 0.12
60 - 64 193 149 244 0.13 193 149 240 0.13
65 - 69 1.71 123 232 0.16 171 123 230 0.16
70 - 74 1.60 1.13 224 0.18 1.60 1.13 224 0.18
75-79 1.59 1.18 212 0.15 159 1.18 2.12 0.15
80 - 84 156 1.18 2.17 0.16 156 1.18 2.17 0.16
] Colorectal cancer C18 - C21 PAF All 1.53 1.08 230 019 153 1.09 232 0.19
-qé Liver cancer C22 PAF All 1.52 1.09 230 0.19 151 1.08 229 0.19
E Lung cancer C33-C34 PAF All 1.52 1.08 231 0.19 151 1.09 230 0.19
Pancreatic cancer C25 PAF All 1.52 1.09 231 0.19 152 1.08 231 0.20
Breast cancer C50 PAF All 1.51 1.09 221 0.18 151 1.09 221 0.18
Ovarian cancer C56 PAF All - - - - 1.52 1.09 232 0.19
Bladder cancer C67 PAF All 1.51 1.08 226 0.19 1,51 1.08 225 0.19
Alzheimer’s disease and F0O - FO3, PAF All 1.52 1.08 230 0.19 152 1.08 230 0.19
other dementias G30 - G31
Glaucoma H36, H40, PAF All 1.52 1.10 233 0.19 1.52 1.08 233 0.20
H42
Cataracts H25 - H26 PAF All 1.52 1.09 226 0.19 152 1.09 229 0.19
Diabetes mellitus E10 - E14 100%

attributable to

high FPG

RR = relative risk; LL = lower confidence limit; UL = upper confidence limit; SE = standard error; PAF = population attributable fraction; FPG = fasting plasma glucose.

differences between the studies: (i) the current study has estimated
the attributable burden from higher-than-optimal glucose levels,
which includes diabetes and non-diabetic hyperglycaemia, while
SACRAI estimated the burden attributable to diabetes only; (ii) the
present study has estimated the attributable burden for 19 health-
related outcomes, while SACRA1 used 5 health-related outcomes;
(iii) the present study has estimated the attributable burden for
individuals aged >25 years, while SACRA1 estimated the burden
for individuals aged >30 years; and (iv) the present study includes
estimates for 2000, 2006 and 2012. SACRAI estimated that 4.3%
of deaths from all causes and 1.6% of DALYs from all causes were
attributable to diabetes, while the current study estimates that 5.2% of
deaths and 2.8% of DALYs for all causes for 2000 were attributable to
high FPG. The similar attribution for deaths and difference in DALY
is difficult to interpret, as the studies were methodologically different.
However, it could be postulated that the additional conditions
considered in the present study compared with SACRA1 had more
non-fatal burden, hence the almost 1.6 times more DALY reported
for the year 2000 in the present study.

We found that mean FPG (5% increase) and diabetes prevalence
(75% increase) have been increasing over time. The increasing
diabetes prevalence over time is consistent (although with different
magnitude) with findings of the African Working Group of the
NCD Risk Factor Collaboration (NCD-RisC), which reported an
increasing trend in diabetes prevalence across Africa between 1980

and 20145 and showed that diabetes prevalence in SA was estimated
to have increased from 4.8% to 9.7% in men and from 7.7% to 12.6%
in women between 1980 and 2014.%% In the global trends study
by Danaei et al.,*” which accounted for four SA studies published
between 1993 and 2008, the estimated mean FPG for SA increased
by ~1.8% between 2000 and 2008, translating into a 15.5% (in men)
and 12.5% (in women) increase in diabetes prevalence over the same
period.

Mean FPG and diabetes prevalence were higher in females than
males across the study period. This pattern has been reported
previously.***”) Variable patterns of sex difference in diabetes
prevalence have been reported in recent studies across Africa, with
rates being mostly similar or higher in males in settings with low
diabetes prevalence, and higher in females in settings with high
diabetes prevalence.***! A detailed elaboration of mechanisms
suggested to explain the sex difference in diabetes estimates across
populations and settings is available elsewhere.*® Obesity is
considered to be the single biggest risk factor for high FPG rates
4] including SA."? Obesity in SA is disproportionally
more common in females than males,” accounting at least in part
for some of the observed sex differences in high FPG estimates. In
the NCD-RisC African study, absolute change in body mass index
over time was moderately associated with relative change in diabetes
prevalence in women (r=0.76), while a weak association (r=0.34) was
observed in males.®

worldwide,!
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Our study shows a 32.4% increase in the attributable death rate and a
43.8% increase in the attributable DALY rate from high FPG between
2000 and 2012. A 29% increase in diabetes mortality between 1997
and 2012 was reported in SANBD2.1"*!

While age-standardised death rates were similar for males and
females across all years, age-standardised DALY rates were 10%
higher among females. This higher DALY rate is compounded by
females living to older ages*! and results in a more substantial
morbidity burden in older age females compared with males.

The disproportionate increase in deaths from high FPG from
cardiovascular disease and chronic kidney disease in females aged
>80 years is striking and could partly be due to the changing age
distribution of deaths among females. The different peaks for
deaths attributable to high FPG, in females at 70 - 79 years and in
males at 45 - 59 years, reflects that males are challenged with poor
health-seeking behaviour combined with the unmet need for care,
resulting in late detection of high FPG."! The finding that males had
a higher tuberculosis burden than females has been observed in GBD
studies">**! and a WHO report (2018)!“) and could also be related to
males’ health-seeking behaviour and access to care.

The 137.1% increase in death rates and the 165.6% increase in
DALY rates for chronic kidney disease, particularly chronic kidney
disease due to hypertension, between 2000 and 2012 is concerning.
The South African Renal Registry!””’ reports that hypertensive renal
disease was the most commonly reported type of chronic kidney
disease for the country in 2017. Raised glucose levels together with
raised blood pressure are placing a severe health burden on South
Africans and the health system. According to the South Africa
Demographic and Health Survey 2016, 46% of women and
44% of men in SA had hypertension, with indications that figures
had nearly doubled in less than 20 years. Furthermore, >80% of
those with hypertension were untreated and/or had uncontrolled
hypertension.™ Increasingly, hypertension is being recognised as a
common comorbidity that occurs with diabetes across Africa.*!

The development of subclinical dysglycaemia and progression
to overt diabetes can be postponed through lifestyle interventions,
although locally appropriate evidence to support the implementation
of such approaches in SA and Africa at large are lacking.*%
Furthermore, once diabetes develops, early diagnosis and appropriate
interventions targeting the optimisation of glycaemia and the overall
cardiovascular risk profile can prevent progression to the stage of
complications and disabilities.*”) Stokes et al.®! reported from the
2012 South African National Health and Nutrition Examination
Survey (SANHANES-1)!"¥! that ‘Among individuals with diabetes,
a total of 45.4% were unscreened, 14.7% were screened but
undiagnosed, 2.3% were diagnosed but untreated, 18.1% were treated
but uncontrolled, and 19.4% were treated and controlled, suggesting
that 80.6% of the diabetic population in SA had unmet need for
care. SANHANES-1 probably underestimates the true magnitude of
the detection, treatment and control of diabetes in SA, considering
that diabetes diagnosis in SANHANES-1 was based on HbAlc,
which has been shown to perform less well than OGTT for diabetes
diagnosis in South Africans.”” Nevertheless, our findings together
with SANHANES-11%5! reflect that there is a huge problem in SA in
the management and care of individuals exposed to high FPG. The
root cause for this needs to be identified and addressed, and could
range from limited population-wide health promotion to prevent the
uptake and augmentation of risk to lack of screening among those at
high risk of hyperglycaemia resulting in delayed diagnosis, and non-
optimal management and ongoing monitoring of those eventually
diagnosed with diabetes. The association between diabetes and
other risks such as obesity, low physical activity, poor diet, smoking

and alcohol use has been reported previously,’® and a more holistic
approach is therefore needed to reduce the burden from high FPG.

Our study shows that DALYs attributable to higher-than-
optimal plasma glucose levels have increased by 56% over a 12-year
period, signalling an urgent need to curb the trend. Since 2009, the
government’s focus on NCDs has expanded with the adoption of a
National Plan for NCDs in 2012 and policies to address unhealthy
diets/nutrition and physical inactivity.®* The subsequent NSP
for NCDsP has emphasised the early identification and effective
management and control of NCDs. A 90/60/50 target has been set,
whereby 90% of people with raised plasma glucose should know that
they have raised plasma glucose, 60% of those with raised plasma
glucose should receive intervention, and 50% of those receiving
interventions should be controlled. However, these supportive plans
have not achieved the desired impact owing to barriers and challenges
to their implementation, including lack of funding to support effective
policy implementation and co-ordination, lack of multisectoral action
in the implementation process, and lack of panel data to measure the
impact of population-level interventions.*® Programmes targeting
risk factors for NCDs, including unhealthy diets and physical
inactivity, have also been developed in SA. Such programmes include
National Recreation Day,*® the Big Walk Campaign,*” the Move for
Health Day,*® the National School Nutrition Programme,* Western
Cape on Wellness (WoW)©! and Healthy Food - Discovery Health.!
Most of these programmes are not implemented nationwide, however,
and their development is not always evidence based.

The limited national data on FPG and the prevalence of diabetes
in South Africans™” meant that we had to model estimates from the
few available national surveys and some small-area studies that used
different methods to identify individuals with high FPG and diabetes
(Table 1, and Table S1 in the appendix: https://www.samedical.org/
file/1846). The model allowed for differences by population group,
with urban and rural categories for black Africans to allow for changes
in urbanisation in this group during the study time period; other
population groups had high urban proportions throughout the period.
Population-based surveys using the same accurate diagnostic methods
to determine exposure to high FPG and identify people living with
diabetes would provide empirical estimates for the analysis done in this
study. Nonetheless, the current study is based on more data points than
previous efforts to estimate diabetes prevalence trends for SA.* While
it would be ideal to have more recent data for this study, the trends
between 2000 and 2012 point to hugely troubling health trends, which
undoubtedly remain a matter of concern. The COVID-19 pandemic has
confirmed the dynamic nature of the spectrum of health outcomes of
higher-than-optimal plasma glucose by demonstrating that once infected
with SARS-CoV-2, people with uncontrolled diabetes were at higher risk
of developing the severe form of COVID-19 and dying from the disease
than people without diabetes or with controlled diabetes.*>* Future
efforts to estimate the health outcomes of diabetes should integrate this
emerging condition, and perhaps integrate the impact of the growing
comorbid dysglycaemia in people living with HIV infection.®"}

Conclusion

High FPG is racing towards being a public health crisis with an
attributable burden doubling between 2000 and 2012, exacerbated by
high levels of hypertension. The burden of exposure to higher-than-
optimal plasma glucose is costly in terms of quality of life, ability to
earn an income, and the physical, economic and emotional burden
on the affected individuals, their households and society. The NSP
for NCDs reports that the cost of all diabetes cases by 2030 will be
~ZAR35 billion (USD2.5 billion).**¢) Monitoring and evaluating
the impact of the 90/60/50 plan, while making necessary changes to
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Fig 3. Distribution of (A) deaths and (B) DALY attributable to high fasting plasma glucose by disease outcome by sex in South Africa for 2000 and 2012.
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Fig 4. Distribution of (A) male and (B) female attributable deaths by age group and disease outcomes by sex in South Africa for 2000, 2006 and 2012.

improve impact, is critical to ensuring that SA mitigates the health
consequences of high plasma glucose. Urgent action is needed to
curb the increase and reduce the burden associated with this risk
factor, and should be supported with national data to monitor the
effectiveness of the interventions.

Disclaimer. The population group classification used in this article is
based on self-reporting according to apartheid-era groups defined by the
Population Registration Act of 1950, i.e. black African, coloured, Indian/
Asian and white. This classification is used because it has important
correlates with lifestyle, culture and socioeconomic conditions that impact
on health and health-related behaviours. The authors do not subscribe to

this classification for any other purpose.
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