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ABSTRACT

Objective: To describe the distribution of serum high-sensitivity C-reactive protein (hsCRP) in type
2 diabetes mellitus outpatients, and relate it to cardiovascular disease risk.

Design: Cross-sectional descriptive study.

Setting: Kenyatta National Hospital, a tertiary referral hospital.

Subjects: One hundred and ninety seven type 2 diabetic outpatients and fifty age- and sex-matched
non-diabetic hypertensive outpatients. :

Results: The distribution of hsCRP in the diabetic population was skewed, with a mean of 4.33
mg/L and a median of 2.53 mg/L. The majority (42%) of diabetics had hsCRP levels in the high-risk
category (hsCRP>3 mg/L). The median hsCRP was non-significantly higher in the diabetic patients
with metabolic syndrome compared to those without (2.68 vs 2.30 mg/L, p=0.433). The median hsCRP
was non-significantly higher in the hypertensive group compared to that in matched diabetic non-
metabolic syndrome group (2.30 vs 2.23 mg/L, p=0.297). HsCRP increased with number of metabolic
syndrome components, patients with four components having higher hsCRP levels than those with
one, though the difference was not statistically significant (3.59 vs 1.57 mg/L, p=0.095).
Conclusion: Our study, though cross-sectional in nature, supports the existence of a correlation
between hsCRP levels and cardiovascular disease risk. The small difference in CRP levels between
diabetic metabolic and non-metabolic groups underpowered the study. Cohort studies are needed
to determine the predictive power of hsCRP for cardiovascular disease in our setup. ‘

INTRODUCTION

who have had a previous myocardial infarction
(4). Although this increased risk previously was

Cardiovascular diseases (CVD) are expected to be
the main cause of death globally within the next 15
years. This is attributable to a rapidly increasing
prevalence of CVD in developing countries and the
rising incidence of obesity and diabetes (1).
Diabetes mellitus is often associated with other
features of the metabolic syndrome, each of which
is an independent risk factor for CVD (2-3). The risk
of fatal coronary heart disease among subjects with
diabetes is comparable to that observed in subjects

attributed mainly to hyperglycaemia, dyslipidaemia,
and a prothrombotic state, recent observations
in apparently healthy individuals have focused
attention on inflammatory mechanisms that may be
relevant in patients with diabetes as well (5).

A sensitive indicator of the body’s response to
inflammation is C-reactive protein (CRP), an acute-
phase reactant, which has been demonstrated to
act independently to further define the risk for
an adverse cardiovascular event (6). To date, 22
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prospective epidemiological studies in developed
countries have demonstrated that hsCRP is a strong
predictor of future CVD (7). Even in diabetes, subjects

with high CRP levels had a seven-fold higher risk -

of cardiovascular events compared to subjects with
neither diabetes nor the metabolic syndrome and
low CRP levels (8). Whereas the role of hsCRP as
a CVD risk factor has been demonstrated in the
West, an increased infectious disease burden in
less developed communities, which is presumably
associated with higher serum CRP levels, might
possibly confound this predictive value. There are no
studies carried out in Africa to establish population
levels for CRP. Neither do we have studies that assess
hsCRP as a risk factor for cardiovascular disease.
We set out to establish whether hsCREP, in patients
at high risk for CVD and living in an environment
with a high infectious disease burden, correlates
with increased cardiovascular risk as estimated by
the metabolic risk factor load.

MATERIALS AND METHODS

A cross-sectional descriptive study was carried out at
Kenyatta National Hospital medical outpatient clinics
from which the study population of type 2 diabetics
and an age- and sex-matched comparison group of
non-diabetic hypertensives were randomly selected.
The case definition for type 2 diabetic patients was
based on clinical criteria (known diabetic patients
who had developed diabetes after the age of 30
years and did .not require insulin therapy initially
(9). The case definition for the metabolic syndrome
was based on the NCEP ATP III criteria, with the
patient requiring at least three of the following five
features: fasting triglyceride >1.69 mmol/L; HDL
cholesterol <1.04 mmol /L if male or <1.29 mmol/L
if female; blood pressure (BP) =130/85 mmHg or on
anti-hypertension medication; waist circumference
>88 cm for females and >102 cm for males; or fasting
glucose 26.1 mmol/L or on medication for diabetes
mellitus (10). Hypertensive patients were defined
as those diagnosed to be hypertensive (BP >140/90
mmHg) or on anti-hypertensive medications.
Patients were excluded (on basis of history

and medical records) if they were less than 18 -

years; were diagnosed with an acute infectious
process; were known to have inflammatory
processes like malignant diseases, connective
tissue diseases, inflammatory bowel disease, or an
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active diabetic foot; were known to have Human
Immunodeficiency Virus (HIV) infection; or were
known to be receiving immunosuppressive therapy,
statins, or thiazolidinediones within preceding 30
days. Apart from the aforementioned exclusion
criteria, hypertensive patients were also excluded
if they were known to be diabetic or were found to
have impaired fasting blood glucose (>6.1 mmol/L).
Diabetic patients were stratified into two groups:
those with the metabolic syndrome and those
without. To detect (with- a likelihood of 90%) a
significant difference between the means of hsCRP in
these two groups, a sample size of 98 in each group
was required (22). An arbitrary sample of 50 age- and
sex-matched hypertensive patients was recruited
as a compatrison group. Permission to carry out the
study was obtained from the KNH Scientific and
Ethical Research Committee and informed written
consent was obtained from each participant.

Data collection: A standardised interview was
conducted that involved taking a thorough targeted
medical history iricluding socio-demographic
parameters and lifestyle characteristics. A focused
medical examination was carried out to assess waist
circumference, weight, and blood pressure using
standard clinical methods.

Five milliliters (ml) of fasting venous blood was
collected aseptically from the antecubital fossa. The
specimens were centrifuged within four hours and
the serum kept frozen at —20° Celsius until further
analysis. Determination of serum lipids (including
direct LDL cholesterol measurement) and serum
hsCRP was done using an automated clinical
chemistry analyzer (Abbott AEROSET™). A latex
particle-enhanced immunoturbidimetric assay was
used for the determination of CRP in serum (CRP
Turbidemetric Latex — High Sensitivity, Quimica
Clinica Aplicada S.A., Spain). The US Food and
Drug Administration (FDA) approved the use of
this latex-enhanced method in risk assessment of
cardiovascular disease. We utilised the recommended
hsCRP risk categories of low risk (<1 mg/L), medium
risk (1-3 mg/L), and high risk (>3 mg/L) (11).

The recommended procedures for specimen
collection, preparation, and storage were followed
strictly to minimise pre-analytical sources of errors.
Before analysis, all the assays were calibrated
according to the manufacturers’ specifications.
Three levels of commercial controls (high, medium,
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and low) were used to validate the calibration. The
controls were included in all batches of analysis.
Results were only accepted if the controls were
within the accepted limits.

Statistical analysis: Data were entered into a computer
database and described in terms of frequency
distribution, means, and figures (percentages,
proportions, and ratios). A significant difference
between means was determined using the student
t-test (for numerical variables) and chi-square test
(for categorical variables). Correlation of hsCRP with
components of the metabolic syndrome was carried
out using Spearman rank correlation coefficient. A
p-value of less than 0.05 was considered statistically
significant.

RESULTS

Between November 2005 and April 2006, a total
of 215 type 2 diabetic outpatients were randomly
selected and screened. Eighteen patients were
excluded for the following reasons: chronic kidney
disease (four patients), use of a statin (three patients)
or a thiazolidinedione (one patient), infected
diabetic ulcer (two patients), cancer of the breast
(one patient), and inflammatory bowel disease (one
patient). The mean age of the excluded patients was
48.56 years, and 50% were male.

Consequently, 197 type 2 diabetic patients were
recruited and stratified as having (n =98) or nothaving

(n=99) the metabolic syndrome according to NCEP
ATP III criteria. The characteristics of the recruited
diabetic population are shown in Table 1. Age ranged
from 30 to 80 years, with a median age of 56 years and
a mean of 56.07 years (SD 9.81 years). The majority
(64.5%) were in the 50-69 years age group. The
duration of diabetes ranged between 1 and 30 years,
with a median duration of four years and a mean
duration of 6.32 years (SD 6.37). Sixty five percent
of diabetics were on oral hypoglycaemic agents,
29% were on insulin monotherapy, and 6% were on
diet alone. Forty two patients (21.3% of diabetics; all
males) gave a history of cigarette smoking. Almost
half the patients (49.2%) were hypertensive. Only 29
(14.7%) patients were on aspirin therapy.

Anthropometric measures of obesity: Body mass index
(BMI) values ranged from 1 7.9kg/m?to 43 kg/m?
with a median of 28.3kg/m? and a mean of 28.8
kg/m?(SD 4.98 kg/m?). The distribution of BMI in
the diabetic population is depicted in Figure 1. Forty
percent of the patients were obese (as defined by BMI
=30 kg/m?), while 65.5% of the patients had central
obesity (as defined by a waist circumference >102
cm in males or >88 c¢m in females). Female patients
were significantly more obese (mean BMI in females
29.9410.4 kg/m? mean BMI in males 26.5+7.1 kg/
m? p<0.0005) and had a significantly wider waist
circumference than males (females, 98.63+24.4 cm;
males, 94.39+18.8 cm; p=0.016). The majority (90.7%)
of diabetics with central obesity were females.

Table 1

Summary of characteristics of the study population

Characteristic Value

Age, x £5D 56.07 £ 19.62 years
BMI, x £ SD 28.8 £9.96 kg/m?
Duration of diabetes, x (SD) 6.32 (6.37) years
Females, n (%) 134 (68)
Former smokers, n (%) 40 (20.3)
Aspirin use, n (%) 29 (14.7)
Hypertension, n (%) 97 (49.2)

X = Mean; BMI = Body Mass Index; SD =

Standard Deviation
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Table 2
Clinical components of diabetic patients with and without the metabolic syndrome
| Characteristic All diabetic MS (x [sd]) No MS (x [sd]) P-value (for
| patients (x [sd]) (n=98) (n=99) MS vs No MS (x)
| (n =497)
| Mean SD Mean SD Mean SD
| Age (years) 56.07 8.81 55.98 8.80 56.16 10.77 0.897
| Female, n (%) 134 68 85 86.7 49 495
BMI (kg/m?) 288 498 3043 4.63 2720 4.82 <0.0005
Waist circumference (cm) 97.27 11.55 101.17 10.99 93.41 10.82 <0.0005
Systolic BP 136.6 21.7 139.03 22.26 134.14 21.01 0.114
Diastolic BP 852 119 86.89 12.02 83.43 11.62 0.042
Total cholesterol 512 126 513 1.37 510 1.15 0.886
LDL cholesterol 3.26 1.00 3.30 1.08 323 091 0.617
HDL cholesterol 1.30 0.31 122 028 1.38 0.32 <0.0005
Triglycerides 1.74 0.80 214 086 1.33 046 <0.0005
MS = Metabolic Syndrome; X = Mean; SD = Standard Deviation.
Figure 1
| Distribution of BMI in the diabetic patients
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Lipid profile: Total cholesterol levels ranged from 2.24
to 8.88 mmol /L, with a median of 4.93 mmol /L and
a mean of 5.12+2.5 mmol/L. LDL cholesterol levels
ranged from 0.91 to 5.91 mmol/L, with a median
3.17 mmol/L and a mean of 3.26+2.0 mmol /L. HDL
cholesterol levels ranged from 0.68 to 2.16 mmol/
L, with a median of 1.29 mmol/L, and a mean of
1.30+0.6 mmol /L. Triglyceride levels ranged from
0.53 t0 5.03 mmol /L, with a median of 1.56 mmol /L
and a mean of 1.74+1.6 mmol/L. Only a meager
6.6% of the patients achieved the current target
LDL cholesterol level of 1.8 mmol/L. Females had

a significantly higher LDL (3.36+2.1 vs 3.05+1.7
mmol/L; p=0.041) and HDL (1.35+0.6 vs 1.21+0.6
mmol/L; p=0.004) cholesterol levels. However,
the two genders were not significantly different
in terms of their mean total cholesterol and mean
triglyceride levels.

Metabolic syndrome components: We recruited 98
patients with the metabolic syndrome (MS) and
99 patients without the metabolic syndrome. The
distribution of the number of MS components in the
entire diabetic study sample is depicted in Figure 2.
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Figure 2
Distribution of MS components in the entire diabetic population
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A minority (12%) were solely diabetic, while the rest
(88%) had more than two MS components and 76.2%
of the non-MS diabetic patients demonstrated one
other MS component. =~

The characteristics of patients classified as either
having or not having MS are shown in Table 2. The
majority of MS patients were females (86.7%). Sixty
three point four percent of all female patients, but
only 20.6% of all male patients had MS.

There was no significant difference in terms of
mean ages, total cholesterol and LDL cholesterol
levels between the MS and the non-MS groups. As
expected, the components used to classify MS (waist
circumference, blood pressure, HDL cholesterol, and
triglycerides) differed significantly between the two
groups. MS patients were sub-classified according
to whether or not they had dyslipidaemia, defined
as having the combination of elevated triglycerides

(=1.69 mmol/L) and low HDL cholesterol (<1.03

mmol/L inmales, <1.26 mmol/L in females). Thirty
four patients had dyslipidaemia (representing 34.7%
of patients with metabolic syndrome).

High-sensitivity c-reactive protein: HsCRP levels
ranged from 0.15 to 17.94 mg/L, with a median
of 2.53 mg/L and a mean of 4.33 mg/L (SD 4.84
mg/L). The 25th, 50th, and 75th percentiles were
1.01,2.53, and 5.44 mg/L, respectively. Twenty six
(13.2%) patients had an hsCRP level of >10 mg/L.
The distribution of hsCRP across the diabetic
population, as illustrated in Figure 3, was skewed,

and thus the median value was used as the measure
of central tehdency. When categorised according
to pre-defined hsCRP risk prediction categories
of low-risk (<1 mg/L), intermediate risk (1-3
mg/L), and high-risk (>3 mg/L), the majority of
patients (41.6%) had hsCRP levels in the high-risk
category (Figure 4). Median hsCRP values did not
differ significantly across gender (men2.34 mg/L,
women 2.55 mg/L (p=0.917).

HsCRP did not differ significantly across BMI
categories, (Figure 5) (p=0.529). The median hsCRP
was non-significantly higher in patients with central
obesity than in those without (3.12 vs 2.16; p=0.179).
The median hsCRP in the MS group (2.68 mg/L)
was higher than that in the non-MS group (2.30
mg/L), although this difference was not statistically
significant (p=0.433). There was also no statistically
significant difference between the median hsCRP
levels of the MS patients with dyslipidaemia and
those without (2.71 mg /L vs 2.46 mg/L, respectively;
P=0.907). The percentage distribution of patients
with a high-risk hsCRP (>3 mg/L) when the diabetic
patients were grouped according to the number of
metabolic syndrome components they possess is
shown in Figure 6. In each grouping, the proportion
of patients with hsCRP in the high-risk category
increased as the number of components increased;
thus, 25%, 42.5%, 43.3%, and 50% of the patients with
1,2, 3, or 24 components, respectively, had hsCRP
levels in the high-risk category. The median hsCRP
of patients with four components was higher than
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that in patients with only one component (3.59 vs
1.57 mg/L), though this difference did not achieve
statistical significance (p=0.095).

Hypertenstve patients: Fifty age and sex-matched non-
diabetic hypertensive patients were recruited as a
comparative group. The ages of these hypertensive
patients ranged from 30 to 79 years, with a mean
age of 53.68+22.0 years, and a median of 54.50
years. The BMI ranged from 30 to 79 kg/m?, with a

mean of 27.21 kg/m? and a median of 27.04 kg /m?.
Forty six (92%) of the hypertensive patients were
females. The median hsCRP of this hypertensive
group was not significantly different from that of
their matched diabetic non-MS group (2.30 mg/L
vs 2.23 mg/L, p=0.297). The majority (42%) of the
hypertensive group had hsCRP in the high-risk
category, whereas 24% and 34% were in the low (<1
mg/L) and intermediate (1-3 mg /L) risk categories,
respectively. ‘

Figure 3
Distribution of hsCRP in the diabetic population
60 —
50 —
2
5 40
5 Std. Dev = 4.84
5 30 Mean = 4.3
N N = 197.00
3
£
>
4
CRP levels
Figure 4 :
Percentage of patients in different hsCRP categories
42%
<1 mg/L B 1-3mg/L 0 >3 mg/L
Figure 5 :
Median hsCRP levels at different BMI categories
2.8 — ‘
S 26 -
E
Q. 2.4
2
£ 22
2

18.5-24.9

25-29.9

30-39.9 >39.9

BMI (kg/m?2)



184 EAST AFRICAN MEDICAL JOURNAL

April 2008

Figure 6
Percentage distribution of patients with hsCRP in high-risk category (>3 mg/L) according to number of components
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DISCUSSION

Our study is the first we are aware of from Africa
that attempts to establish if there is a correlation
between hsCRP and established cardiovascular
risk factors. We recruited type 2 diabetic patients, a
high-risk patient population that is considered as a
coronary artery disease risk equivalent.

The sample of type 2 diabetic patients recruited
" in this study was similar in demographics to those
in two prior studies undertaken at this tertiary
care facility (12,13). They were under-treated with
low-dose aspirin (only 14.7%), and only three were
excluded for being on statin therapy.

As expected, several cardiovascular risk factors
existed in our study population. Forty percent were
obese as defined by BMI (and only a fifth had normal
BMI), and 66% had central obesity as defined by
waist circumference above NCEP ATP III cut offs.
Only 6.6% were at target LDL cholesterol level of
1.8 mmol/L. Eighty eight percent had at least one
other component of the metabolic syndrome. These
factors, along with the patients’ diabetes status
and age strata, placed this population at high CVD
risk.

The levels of hsCRP in our diabetic population
ranged from 0.15 mg/L to 17.94 mg/L, with a
median of 2.53 mg /L. However, we have no local or
regional population-based hsCRP levels to place our
reported values in perspective. A recent population-
based study of adults in the United States reported
values ranging from 0.1 to 296 mg /L, with a median
of 2.1 mg/L, and a distribution that was highly

skewed to the left (14). Our values were also skewed
to the left, yet a postulated high infectious disease
burden would be expected to shift the distribution
to the right. By the recommended USA cut offs for
hsCRP, 42% of our diabetic patients had hsCRP in
the high-risk category. Whether these-cut-offs are
applicable in our setup can only be determined by
local population-based studies.

To date, several prospective epidemiological as
well as cohort studies have demonstrated thathsCRP
is a strong predictor of future cardiovascular events,
adding prognostic value even beyond that available
from the Framingham risk score (7), with its strongest
predictive value in the range of 1-5 mg/L (15).
HsCRP retains its predictive value even in diabetics;
a prospective study by Schuize et al that involved 746
men with type 2 diabetes demonstrated that patients
with hsCRP in the top quartile were three times more
likely to develop cardiovascular events (16).

Our study demonstrates a higher hsCRP in
increasing CVD risk groups (diabetics with MS
[2.68 mg /L], diabetics without MS [2.23 mg/L], and
non-diabetic hypertensives [2.30 mg/L]). However,
the differences did not attain statistical significance.
We interpret our results as suggesting a trend of
hsCRP tracking increasing cardiovascular risk, from
non-metabolic diabetic patients to hypertensive
non-diabetic patients and onto metabolic diabetic
patients in the highest risk. We attribute our inability
to show a statistically significant difference to the
homogenously high cardiovascular risk in these
three groups, which limited our study power. At
design stage, we anticipated a hsCRP difference
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between diabetic MS and the diabetic non-MS
groups of 0.69 mg/L (22), but we only found a
0.38 mg/L difference. To detect this difference, we
would require a sample size of 131 in each group to
minimise the chances of a type 2 error.

In addition, it should be noted that the presence
of the metabolic syndrome was not ruled out in
the hypertensive non-diabetic group, a group with
a mean BMI of 27.2 kg/m? 92% of whom were
females, and almost two thirds had central obesity.
Therefore, it is highly likely that the majority of these
patients had the metabolic syndrome. This might
explain why their median hsCRP was comparable
to that for diabetic non-metabolic patients, three
quarters of whom had two components of the
metabolic syndrome.

This data implies that the metabolic risk factor
load, rather than diabetic status per se, was the force
driving increasing hsCRP across the three groups.
Evidence in support of this postulate also arises
from the comparison of hsCRP between diabetic
patients with no other component of the metabolic
syndrome-(median hsCRP 1.57 mg/L) and diabetic
patients with three other metabolic components
(median hsCRP 3.59 mg/L). However, this difference
was not statistically significant (p=0.095) due to
the small numbers in each group. The proportion
of patients with hsCRP in the high-risk category
rises as the number of metabolic components
increased, from 25% of patients with one component
to 50% of patients with four or more components.
Furthermore, hsCRP in patients with central obesity
was higher than that in those without central obesity.
As well as being a key component of the metabolic
syndrome, central obesity is postulated to be the
source of pro-inflammatory cytokines, including
CREP, that are central to the inflammatory theory of
atherosclerosis. In all, our data suggests that hsCRP
levels in our study sample increase with increasing
metabolic risk factor loading.

Nevertheless, it should be recognised that the
cut-off used for the individual components of the
metabolic syndrome are derived from Western
guidelines (17). The metabolic syndrome concept
was designed to identify persons (often obese) who
are at greatest risk of atherosclerotic cardiovascular
disease, and hence, in greatest need of clinical
intervention (18). However, there is no definite

rationale for choosing the five criterias, and their
cut-off points are arbitrary (19). In addition, there
are ethnic specific differences encountered in the
assessment of central obesity, a key feature of the
metabolic syndrome. Although emphasis is laid on
ethnic-specific cut points for waist circumference,
none is available for sub-Saharan Africans; instead,
it is advised that we use European cut points until
more data is available (20). Evidently, it is not known
to what extent this definition, or even the one used in
this study, misclassifies individuals in our setup.

We had hypothesised that the presumably
increased background inflammation that exists in
our population as a result of the higher infectious
disease burden, may obscure or confound the
correlation of hsCRP with CVD risk. This, however,
is not supported by our data. Our hsCRP distribution
was skewed towards lower values (as it was in the
US population-based study), and only 13.2% of the
diabetic patients had hsCRP values >10 mg/L, a
cut-of above which inflammation will be suspected
and so warrant a repeat of the hsCRP (21).

Our study is limited firstly by the absence of
African population normal reference values for
hsCRP, and secondly by the inability to actively
exclude pathological conditions that are associated
with elevated hsCRP levels. In this respect we relied
solely on clinical criteria. However, all three groups
suffered this limitation non-differentially, thus
nullifying this effect on our results.

In conclusion, our study, though cross sectional
in nature, supports the existence of a correlation
between hsCRP levels and CVD risk in our
population. Our results need to be confirmed by
a larger, adequately powered study. In addition,
population-based studies are necessary to establish
the local distribution of hsCRP and to develop
cut-off values that will be used for cardiovascular
risk prediction in our population. Finally, cohort
studies are needed in our local population to
determine the power of hsCRP in predicting absolute
cardiovascular disease risk.
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