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determined in the same study cohorts
(data not shown). A moderate to sub-
stantial level of heterogeneity between
studies was detected in the data for
diabetes mellitus (I?=54.62%; P<0.001
in Q-test), impaired fasting glycaemia
(I’=85.38%; P<0.001 in Q-test) and
impaired glucose tolerance (I?=74.13%;
P<0.001 in Q-test).

Subgroup analyses

Table 3 summarizes the results of the
subgroup analyses. Significant hetero-
geneity in the OR for diabetes mellitus
was observed by area of residence (i.e.
urban or rural), subregion of residence
in Africa, ethnicity of the study sub-
jects, and country income level - each
of which gave a P- value of <0.05 in
a Q-test. The prevalence of diabetes
mellitus was found to be significantly
higher in men than in women in studies
conducted in a mix of urban and rural
areas, in Middle or Eastern Africa or
in low-income countries. However, in
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studies conducted in Southern Africa
or among subjects of Indian ethnicity,
the prevalence of diabetes mellitus was
significantly higher among women than
among the corresponding men.

Significant heterogeneity in the
OR for impaired fasting glycaemia was
observed by subregion of residence in
Africa (P=0.02) and country income
level (P=0.006). In studies conducted
in Eastern Africa or upper-middle-
income countries, impaired fasting
glycaemia appeared to be significantly
more common among men than among
women.

With impaired glucose tolerance,
significant heterogeneity in the OR
was observed by area of residence
(P<0.001), subregion of residence in
Africa (P=0.001), ethnicity (P=0.002),
and country income level (P=0.03).
The odds of impaired glucose tolerance
were found to be higher in men than in
women in studies conducted on urban
residents or subjects of Indian ethnicity.
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Meta-regression

In general, the univariate random-
effects meta-regression revealed similar
associations - between the OR and
study-level covariates — as seen in the
subgroup analyses (Appendix A). For
example, the OR for the sex-specific
prevalences of diabetes mellitus ap-
peared to be significantly affected by
area of residence (rural versus urban;
P=0.018), subregion of residence in Af-
rica (Southern and Middle Africa versus
Eastern Africa; P<0.001), ethnicity of
the study subjects (multi-ethnic versus
Indian; P=0.013), study year (1990s
versus 2000s; P=0.039), and country
income level (low versus upper middle;
P<0.001). Subregion of residence (East-
ern versus Southern Africa; P=0.047)
and country income level (low versus
upper-middle; P=0.006) also had a
significant effect on the OR for impaired
fasting glycaemia, whereas subregion of
residence (Eastern versus Southern Afri-
ca; P<0.001), ethnicity of study subjects
(multi-ethnic versus Indian; P<0.001),
country income level (low versus upper-
middle; P<0.001), and area of residence
~both rural versus urban (P<0.001) and
rural versus urban and rural combined
(P=0.003) - had significant effects on
the OR for impaired glucose tolerance.

Sensitivity and influence analyses

No meaningful change in the OR was
evident when the meta-analysis was
rerun either with the data from the five
studies of “neutral” quality omitted or
using age-adjusted prevalences instead
of the crude values (data not shown).
The results of the influence analysis
indicated that the omission of the data
from any of seven studies — described in
five reports**#4745 _ could eliminate
the statistical significance of the overall
differences between men and women
in the prevalence of impaired glucose
tolerance. However, even when the data
from one of these studies were omitted,
women still showed a higher prevalence
of impaired glucose tolerance than the
corresponding men, with a P-value of
>0.05 but <0.1. The pooled results for
diabetes or impaired fasting glycaemia
were not substantially affected by the
omission of the data from any one study.

Publication bias

The funnel plots for diabetes mellitus
and impaired fasting glycaemia were
asymmetric, indicating possible publi-
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cation bias. However, the correspond-
ing results from Begg and Mazumdar’s
rank-correlation tests — P-values of 0.93
and 0.64, respectively — were not statis-

Fig. 2. Forest plot of main meta-analysis results, showing sex-specific odds ratios for
diabetes mellitus, impaired fasting glycaemia and impaired glucose tolerance in
sub-Saharan Africa
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OR In the present meta-analysis - as in
DM, diabetes mellitus; IFG, impaired fasting glycaemia; IGT, impaired glucose tolerance; MWMoH, Malawi most% _ but not all”® — previous stud-
Ministry of Health; OR, odds ratio; ZWMoH, Zimbabwe Ministry of Health and Child Welfare. . L. p .
Note: The ORs shown are for differences in prevalence between the sexes (i.e. odds in men versus odds ies on this risk factor for diabetes melli-

in women). For each study, the plot indicates the mean OR (midpoint of the square), the corresponding tus — impaired fasting glucose was found
95% confidence interval (horizontal lines) and the weight given to the study (area of the square). to be significantly more common among
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Table 3. Pooled odds ratios (ORs)” for diabetes mellitus and two associated risk factors

Variable Diabetes mellitus Impaired fasting glycaemia Impaired glucose tolerance

n OR (95% (1) P n° OR(95% () P n OR(95% CI) P
All data sets 35 1.01(091-1.11) 11 1.56 (1.20-2.03) 21 0.84(0.72-0.98)
Area of residence 0.009 0.56 <0.001
Combined 9 1.17(1.04-131) 6 1.61(1.14-2.26) 7 0.69 (0.59-0.81)
Periurban 2 070(042-1.18) 2 0.79 (0.46-1.37)
Rural 11 0.98(0.80-1.20) 2 221(0.87-5.64) 6 0.82(0.61-1.09)
Urban 13 0.86(0.73-1.01) 3 1.24(0.71-2.19) 6 133(1.03-1.72)
Subregion of <0.001 0.019 0.001
residence
Middle Africa 2 144(131-159 1 1.04 (0.65-1.65) 2 0.73 (0:49-1.09)
Eastern Africa 21 1.08(1.01-1.15) 9 1.65(1.35-2.02) 1 0.71 (0.59-0.84)
Southern Africa 12 0.80(0.69-092) 1 519(1.75-1538) 8 1.30(0.99-1.70)
Ethnicity of subjects 0012 0.066 0.002
African 24 1.12(1.00-1.25) 7 1.30(096-1.74) 1 0.81(0.66-0.99)
Indian 0.69 (0.52-0.94) 2 1.66 (1.10-2.50)
Multi-ethnic 1.00(0.87-1.14) 4 193(1.42-262) 8 0.73 {0.60-0.89)
Study year 0.125 0.81 061
Before 1991 9 090(0.73-1.11) 1 1.94 (0.84-4.48) 4 0.90(0.62-1.31)
1991-1999 13 0.96(0.83-1.12) 4 141(0.88-2.27) 10 0.90 (0.68-1.19)
After 1999 13 1.13(0.99-1.30) 6 1.58(1.09-2.30) 7 0.74(0.55-1.01)
Country income level 0.008 0.006 0.028
Low 14 1.21(1.06-137) 6  1.18(0.89-157) 5 0.70 (0.52-0.95)
Lower middle 4 1.16(0.75-1.80) 4 0.50(0.29-0.87)
Upper middle 17~ 0.93(0.83-1.03) 5 205(1.56-2.69) 12 0.99 (0.80-1.23)

(I, confidence interval.

2 ORs represent the odds in men versus the odds in women.

b Number of data sets included in the analysis.
¢ P-value for the category, estimated in a Q-test.

men than among women, irrespective of
the subgroup that was investigated. One
possible explanation for this difference
is that men tend to have lower hepatic
sensitivity to insulin and may, in con-
sequence, have generally higher fasting
levels of plasma glucose.”” Another pos-
sible explanation or contributing factor
is that, within sub-Saharan Africa, men
are more likely to smoke than women”
and smoking appears to increase the risk
of impaired fasting glucose, by decreas-
ing insulin sensitivity.”7

In earlier research, impaired glu-
cose tolerance has generally been found
to be more common among women than
among men.*»** The same difference
between the sexes was detected in most
of the subgroups that were investigated
in the present meta-analysis. In general,
women have a smaller mass of muscle
than men and therefore less muscle
available for the uptake of the fixed
glucose load (75 g) used in the oral
glucose-tolerance test.*”> Women also
have relatively high levels of estrogen
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and progesterone, both of which can
reduce whole-body insulin sensitivity.”
Physical inactivity” and unhealthy diet™
have also both been associated with
impaired glucose tolerance. In many
countries in sub-Saharan Africa, women
are more likely to be physically inactive
than the corresponding men.”#

The differences in the sex distribu-
tion of both impaired fasting glycaemia
and impaired glucose tolerance in sub-
Saharan Africa need to be considered
in evaluating the probability that indi-
viduals will develop diabetes mellitus
and in efforts to prevent the disease.
Impairments in glucose tolerance and in
fasting glycaemia are not metabolically
equivalent, and the people classified as
having each condition are different as
well. 2% If screening programmes were
based only on the measurement of “fast-
ing plasma glucose”, most individuals
with impaired glucose tolerance would
go undetected and the population iden-
tified as being at risk would probably
be biased towards males. The glycated
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haemoglobin (HbA1c) assay®”” may offer
a way of evaluating the risk of diabetes
mellitus that is relatively sex-neutral,
although this assay is currently too ex-
pensive for routine use in Africa and it
can also be affected by disorders such as
malaria.”? Screening for both impaired
fasting glycaemia and impaired glucose
tolerance might eliminate most of the
sex bias in the identification of those
who are at risk of developing diabetes
mellitus. Even then, the dose of glucose
used in the oral glucose-tolerance test
may have to be made lower for women
than for men - or tailored to the height
of the individual to be tested - to allow
for the lower mean muscle mass in wom-
en and so prevent the over-diagnosis of
impaired glucose tolerance in women.”

In the present meta-analysis, de-
spite the differences seen by sex in im-
paired fasting glycaemia and impaired
glucose tolerance, the overall prevalence
of diabetes mellitus in men was found
to be very similar to that in women.
However, subgroup analyses revealed

N
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that diabetes mellitus was more com-
mon in the men who lived in Middle
and Eastern Africa than in the women
who lived in the same African subre-
gions, whereas the women who lived in
Southern Africa were more likely to have
diabetes mellitus than the correspond-
ing men. Such differences between the
sexes were not seen in the earlier study
on diabetes mellitus in West Africa.””
Some of these differences may be related
to differences between the sexes in the
prevalence of central obesity, which, as a
risk factor for diabetes mellitus, is more
predictive than peripheral obesity.”
Central obesity has been found to be
more common in men than in women in
Eastern Africa®*" and more common in
women than men in Southern Africa.*
However, such obesity cannot be used to
explain why the men of Middle Africa
are more likely to have diabetes mellitus
than the women, as central obesity is
more common among the women in this
area than among the men.*” Behavioural
risk factors, such as smoking and alcohol
use, which are more common among the
men of sub-Saharan Africa than among
the women,*”* might contribute to the
prevalence of diabetes mellitus among
the men of Middle Africa.

In the present meta-analysis, the
income level of the country of residence
- a proxy indicator of the economic
status of the people in the country — ap-
peared to contribute to the heterogene-
ity seen in the association between sex
and the prevalence of diabetes mellitus.
Women of low socioeconomic status in
Australia,” Canada,*” Germany™ and
the United States of America* appear
to be at markedly higher risk of diabetes
mellitus than the corresponding men. In
a recent meta-analysis, the incidence of
Type 2 diabetes mellitus among adults
with low socioeconomic status was
found to be generally higher in women
than in men; it was suggested that the
women who lived in impoverished areas
were more likely to be obese, physi-
cally inactive and under high levels of
psychosocial stress than the men in the
same areas.” In contrast, the results
of the present meta-analysis indicated
that men who lived in the low-income
countries of sub-Saharan Africa were
more likely to be diagnosed with dia-
betes mellitus than the corresponding

Sex differences in prevalence of

women. This difference between the
sexes may be a consequence of differ-
ences between men and women in the
distribution of risk factors for diabetes
mellitus (e.g. obesity, physical inactivity,
poor diet and smoking, etc.) in low-
income countries. Another possibility
is that women in low-income countries
have particularly poor access to health-
care services and therefore little chance
of being diagnosed with diabetes.%#%91:52
In addition, as Africa is one of the most
inequitable parts of the world in terms
of income,” the income level recorded
for an African country might not cor-
relate with the socioeconomic status of
a study cohort in that country. There
appear to be no published data sets that
would allow sex-based differences in the
relationship between individual socio-
economic status and diabetes mellitus
in sub-Saharan Africa to be investigated.

The present meta-analysis had
several limitations. First, the studies
that provided the data for the meta-
analysis were conducted under different
circumstances in different countries
and the prevalences of diabetes mel-
litus, impaired fasting glycaemia and/
or impaired glucose tolerance were not
the primary outcomes of some of the
studies. A random-effects model was
therefore employed to embrace this con-
siderable heterogeneity.* Second, the
studies had to be cross-sectional in de-
sign to be included in the meta-analysis
and may therefore have been affected by
confounding and biases. However, we
attempted to minimize selection bias
by employing predefined study selection
criteria and a quality appraisal checklist.
Potential sources of heterogeneity were
also assessed in subgroup and meta-
regression analyses. Third, since our
subgroup and meta-regression analyses
were entirely observational in nature,
the relationships recorded - across all of
the studies - between some study-level
characteristics and the effect estimate
could be subject to confounding by
other study-level characteristics. Un-
fortunately, the studies included in the
meta-analysis were too few to allow for
a reasonable assessment of interactions
between the study-level covariates.
Fourth, we used the income levels of
the countries of residence to stratify the
studies because of a general lack of infor-
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mation on the socioeconomic status of
study participants. The relationships that
we observed between a country’s income
level and the sex-specific prevalences of
interest may therefore not reflect the re-
lationships between the socioeconomic
status of the subjects and their risks of
impaired fasting glycaemia, impaired
glucose tolerance or diabetes mellitus.
Finally, our conclusions may have been
affected by publication bias. The asym-
metric funnel plots were indicative of
possible publication bias in the data for
diabetes mellitus and impaired fasting
glucose. Furthermore, our study selec-
tion criteria excluded reports that did
not have an abstract in English and may
have excluded some reports that were
not recorded in the PubMed or Web of
Science databases, although we did try to
search the “grey” literature for relevant
data. The results of the “trim and fll”
analyses indicated that the impact of any
publication bias on our conclusions was
probably trivial.

In summary, our meta-analysis
demonstrated that, compared with
the corresponding women, the men in
Eastern, Middle and Southern Africa
had a significantly higher prevalence of
impaired fasting glycaemia and a lower
prevalence of impaired glucose toler-
ance. Although the overall prevalence
of diabetes mellitus did not significantly
differ by sex, the prevalence of diabetes
mellitus was found to be lower or higher
in women than in men when analysed by
African subregion. Sex-based differences
in the relationship between individual
socioeconomic status and impaired fast-
ing glycaemia, impaired glucose toler-
ance and diabetes mellitus still need to be
investigated in sub-Saharan Africa. Our
observations may help in the targeting of
appropriate - and perhaps sex-specific
- interventions to prevent diabetes mel-
litus in sub-Saharan Africa. &
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Résumé

Les différences entre les sexes dans la prévalence du diabéte sucré, de la glycémie a jeun anormale et de l'intolérance au
glucose en Afrique subsaharienne: examen systématique et méta-analyse

Objectif Fvaluer les différences entre hommes et femmes en termes
de prévalence du diabéte sucré, de la glycémie a jeun anormale et de
lintolérance au glucose en Afrique subsaharienne.

Méthodes En septembre 2011, on a recherché dans les bases de
données PubMed et Web of Science des études communautaires
transversales fournissant les prévalences spécifiques au sexe des trois
maladies faisant I'objet de [étude, chez des adultes vivant dans certaines
régions d'Afrique subsaharienne (par exemple en Afrique orientale,
centrale et australe, selon la classification sous-régionale des Nations
Unies pour les pays africains). Un modéle a effets aléatoires a ensuite été
utilisé pour calculer et comparer les cotes des hommes et des femmes
affectés par chacune de ces maladies.

Résultats Dans une méta-analyse des 36 séries de données transversales
pertinentes identifiées, on a découvert que laglycémie 3 jeun anormale

était plus fréquente chez les hommes que chez les femmes (RC: 1,56,
intervalle de confiance de 95%, IC: 1,20 4 2,03), tandis que la tolérance
au glucose seest révélée moins fréquente chez les hommes que chez
les femmes (RC: 0,84, IC de 95%: 0,72 & 0,98). La prévalence du diabéte
sucré - généralement semblable chez les deux sexes (RC: 1,01, IC de
95%: 0,91 a 1,11) - était plus élevée chez les femmes dAfrique australe
que chez les hommes de la méme sous-région, et plus faible chez
les femmes d'Afrique orientale et centrale et des pays a faible revenu
d'Afrique subsaharienne que chez les hommes des mémes pays.
Conclusion Par rapport aux femmes des mémes sous-régions, on a
découvert que la prévalence globale du diabéte sucré était similaire
chez les hommes d'Afrique orientale, mais que ceux-~ci étaient plus
susceptibles de souffrir de glycémie a jeun anormale et moins
susceptibles détre affectés par une intolérance au glucose.
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Pesiome

MonoBbie pa3nuunA B paCNpPOCTPaHEHHOCTU CaXxapHOro ArabeTa, HapyLUeHHON MNKeMUY HaToLaK 1
HapyLLEeHHO NepeHoCUMOCTY roKO3bi B Appuke toxkHee Caxapbl: cuctemaTinyeckuil 063op 1 meta-aHanus

LUenb OueHuTb Pasnnuvs MEXAY MyXUMHAMU U KEHILWHAMU B
PaCnpPOCTPaHEHHOCTH CaxapHOro AvabeTa, HapyLLEHHOM rMKeMMK
HATOLLIAK 1 HAPYLIEHHOMR NEPEHOCUMOCTY FIIOKO3bI B ADDUKE IoxKHee
Caxapbi.

MeToab! B ceHTabpe 2011 roga buin ocywecTsneH nouck B 6azax
faHHbix PubMed 1 Web of Science TepputopranbHbix NonepeydHbix
NCCnefosaHuii, NPeROCTaBNAWLMX AaHHbIE B NOMOBOM Pa3pese O
PaCMPOCTPaHeHHOCT MOBOro U3 TPEX UCCrenyemblx 3abonesanHui
cpear B3POCbIX, XuBylmux 8 Adpuke oxHee Caxapsl (TO eCTb B
BocTouromn, CpenHeit v lOxHoM Adpuke, COrNacHo CybperiioHanbHoM
KnaccudmkaLmn adpukaHckux cTpaH Oprarmnsaumen O6beamHEHHbIX
Haywi). 3atem gna pacyeta U CONOCTaBNEHUA PUCKA MYXKUMH
M KEHUWMH NOABEPrHYTLCA Kaxkaomy w3 3abonesaHuil buina
MCNOSb30BaHa MOLENb ClydaiHbiX 3QPeKToB.

PesynbraTtbl MeTa-aHanm3 noeHTMOGUUMPOBAHHbBIX 36 PENeBaHTHBIX
nonepeyHbix HAbOPOB aHHBIX NOKA3as, YTO HAPYLIEHUE MKEMUN

HATOLIAK YaLle BCTPEYAETCA Y My»KUMH, YEM Y MEHLLYVH (COOTHOLLEHVE
puicka, CP: 1,56; 95% noseputentHuiil nHTepsan, A 1,20-2,03), B
TO BPEMA KaK HapyLWeHHas NepeHOCUMOCTb FTIIOKO3b! Y My>KUMH
BCTPEYAETCA pexe, yem Y xeHwmH (CP: 0,84; 95% [W: 0.72-0.98).
PacnpocTpaHeHHOCTb CaxapHOro anabeTta, koTopas & Lenom Obina
aHanormuHa y obowx nonos (CP: 1,01; 95% [W: 0,91-1,11), 8 KOxHoi
Adpuike Obina BbILE CPEAV MEHLMH, YeM CPean MyXUUH 13 TOro
e CyOpernoHa, U HWKe CPeau XeHLUWH 13 cTpaH Boctouroi u
LleHTpanbHoM AdpurkK, a Takke 13 ManoobecreyeHHblx CTpaH
Adpukn toxHee Caxapbl, Yem Cpeam My<UnH 13 TON xe BbiBOPKA.
Bbisopg Y mMyxuuH 8 BocTodHoi, CpepHeit u HOxHon Adpuke Boina
ObHapy»KeHa aHanorMyHan C XeHWuHaMK B Tex e CybpernoHax
obujan pacnpocTpaHeHHOCTs CaxapHoro Anabeta, HO daule
BCTPEUANMCH HAPYLIERWS TMVKEMWUW HAaTOWWAK U PEXe — HapyLUeHHas
TONEPAHTHOCTb K MII0KO3e.

Resumen

Las diferencias entre sexos enla prevalencia de la diabetes mellitus, las alteraciones de la glucemia en ayunas y la intolerancia
a la glucosa en Africa subsahariana: revision sistematica y metaanalisis

Objetivo Evaluar las diferencias entre hombres y mujeres respecto a la
prevalencia de la diabetes mellitus, las alteraciones de la glucemia en
ayunas y la intolerancia a la glucosa en Africa subsahariana.

Métodos En septiembre de 2011, se realizaron bisquedas en las
bases de datos de PubMed y Web of Science a fin de hallar estudios
comunitarios transversales que proporcionaran datos sobre las
prevalencias especificas de cada sexo de cualquiera de las tres
enfermedades de estudio entre los adultos residentes en zonas de
Africa subsahariana (es decir, en el Este, Centro y Sur de Africa, segun
la clasificacién subregional de las Naciones Unidas para los paises
africanos). Se empled un modelo de efectos aleatorios para calcular y
comparar las probabilidades por parte de hombresy mujeres de padecer
cada una de las enfermedades.

Resultados En un metaandlisis de los 36 conjuntos de datos de caracter
transversal pertinentes que se identificaron, se hallé que fas alteraciones

de la glucemia en ayunas eran més comunes en hombres que en
mujeres (OR: 1,56; intervalo de confianza del 95%, IC: 1,20 a 2,03), por
el contrario, se descubrié que la intolerancia a la glucosa era menos
comun en los hombres que en las mujeres (OR: 0,84; IC del 95%: 0,72 a
0,98). La prevalencia de la diabetes mellitus (la cual fue, por lo general,
similaren ambos sexos (OR: 1,01;1C 95%:0,91a 1,11) fue mayor entre las
mujeres del Sur de Africa que entre los hombres de la misma subregién,
y menor entre las mujeres del Este y Centro de Africa, asi como en los
pafses de ingresos bajos de Africa subsahariana, que entre los hombres
correspondientes.

Conclusién En comparacidn con las mujeres de las mismas subregiones,
se halld que los hombres del Este, Centro y Sur de Africa tienen una
prevalencia general similar de la diabetes mellitus, pero son més
propensos a padecer alteraciones de la glucemia en ayunas y menos
propensos a padecer intolerancia a la glucosa.
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Table 2. Descriptions of the cross-sectional data sets included in the meta-analysis

Authors Year Study area Sampling  Response Target Age No.ofadults Mean age? Diagnosis Qutcomes Prevalence (%)
0 ; T
Publication Study Location Type method  rate(%)  population (years) Men Women (years) Criteria  Method Specimen assessed Men Women
Ahrén and 1984 1983 Mwanza, Urban Cluster 95 All =20 161° 215¢ 354¢  WHO FBG cWB DM 1.87¢  1.86°
Corrigan®! URT inhabitants 1980 and/or
OGTT
Ahrén and 1984 1983 Kahangala  Rural Cluster 90 All 220 360° 489 433<  WHO FBG cWB DM 1.0¢ 1.84¢
Corrigan®! and inhabitants 1980 and/or
Ndolage, OGTT
URT
Omar et al.® 1985 NR Durban, Urban Cluster 77 Adults >15 368 498 425  WHO FBGand VP DM 76 13.5
South Africa 1985 OGTT IGT 71 48
Soderberg 2005 1987 Mauritius Combined  Multistage 86 Adults 25-74 2339 2652 433 WHO FBGand VP DM - 143 13.7
etal.® cluster 1999 OGTT (1300 (126)
IFG 51 27(26)
(CR))
IGT 13.2 194
127y (9.0
Mclarty et 1989 1988  Morogoro Rural Random 926 Adults >15 2623 3460 37 WHO FBG vWB DM 1.1 0.7
al.i and 1985 and/or IGT 73 8.0
Kilimanjaro, OGTT
URT
Tappy et 1991 1989 Mahe, Urban Stratified 864  Adults 25-64 511 567 NR  ADA FBG VWB DM NR NR(46)
al® Seychelles random 1988 (3.4)
Levitt et al.* 1993 1990  CapeTown, Urban Cluster 79 Adults >30 210 504 451  WHO FBGand VP DM 65 6474
South Africa 1985 OGTT 6.9)
IGT 6.0 59
Mollentze et 1995 1990 QwaQwa, Rural Random 68 Adults =25 279 574 523 WHO FBGand VP DM 54 6.6
al% South Africa 1985 OGTT
Mollentze et 1995 1990  Mangaung,  Urban Random 62 Adults =25 290 468 486  WHO FBGand VP DM 5.8 8.5
al® South Africa 1985 OGTT
Séderberg 2005 1992 Mauritius Combined  Multistage 90 Adults 225 2986 3477 46 WHO FBGand VP DM 19.3 183
etal® cluster 1999 OGTT (155 (15.0)
IFG 85 4139
(8.2)
IGT 13.0 17.7
(120)  (16.3)
Omar et al % 1993 NR Umlaz, Urban Cluster 78 Adults =15 141 338 329 WHC FBGand VP DM 23 52
South Africa 1985 OGTT IGT 15 55

(continues. . .)
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(.. .continued)

Authors Year Study area Sampling  Response Target Age No.ofadults Mean age® Diagnosis Outcomes Prevalence (%)
Publication Study Location Type method  rate(%)  population  (years) Men Women {years) Criteria  Method  Specimen assessed Men Women
Omar et al.* 1994 NR Durban, Urban Cluster 92 Adults =15 1038 1441 NR WHO FBGand VP DM 86 10.6
South Africa 1985 OGTT (104)  (15.0)
IGT 76 45(58)
(89)
Elbagir et 1996 NR  Sudan Combined  Multistage NR Adults =225 461 823 461 WHO OGTT cWB DM 35 34
al.” 1985 IGT 22 33
Levitt et al.™ 1999 1996  Mamre, Periurban  Cluster 64.5 Adults 215 428 545 376  WHO OGTT VP DM 5.8 8.1
South Africa 1985 IGT 6.5 92
Erasmus et 2001 1997¢  Umtata, Periurban  NR 73 Adults 20-69 237 137 379  WHO FBGand VP DM 2.1 29
al¥ South Africa 1985 OGTT IGT 34 15
Aspray et 2000 1997 llalallala Urban Random 73.25 Adults =15 332 438 306 WHO FBG cWB DM 53  40(s.7)
al® and Dar es 1998 (59
Salaam, URT IFG 40 54@47)
(3.6
Aspray et 2000 1997 Shari, URT Rural Random 825 Adults =15 401 527 421 WHO FBG cwB DM 15 w1
al® . 1998 (1.7)
IFG 12 1.5(16)
038)
Charlton et 2001 1997  StHelena Rural Convenience  NR Adults >55 46 106 654  WHO FBGand VP DM 15.8 289
al® Bay and 1985; OGTT IGT 132 100
Velddrif, ADA
South Africa 1997
Alberts et 2005 1997¢  Limpopo, Rural Census 66 Adults >30 498 1608 575  ADA FBG VP DM 99 10.0
alx South Africa 1997 85) (8.8)
Séderberg 2005 1998 Mauritius Combined Multistage 87 Adults 220 2392 3000 488  WHO FBGand VP DM 252 238
etal™ cluster 1999 OGTT (183)  (17.6)
IFG 57  35Q9
62)
IGT 132 172
(11.2)  (16.2)
Elbagir et 1998 NR Northern Urban Multistage NR Adults =25 118 197 38 WHO OGTT cWB DM NR NR
al.® State, Sudan 1985 (15.8)  (10.7)
IGT NR NR
@5 (135
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(.. .continued)

Authors Year Study area Sampling  Response Target Age No.ofadults Mean age® Diagnosis Outcomes Prevalence (%)°
Publication  Study Location Type method rate (%)  population  (years) Men Women (years) Criteria ~ Method Specimen assessed Men  Women
Elbagir et 1998 NR Northern Rural Multistage NR Adults =25 43 126 39 WHO OGTT cWB DM NR  NR(83)
al® State, Sudan 1985 (2.8)
IGT NR NR
(4.4) (10.2)
Motala et 2008 2000 Ubombo Rural Cluster 789 Adults >15 200 799 469  WHO FBGand VP DM 45 4639
al® district, 1998 OGTT (3.5)
South Africa IFG 45 09(08)
(4.0)
IGT 65 64(47)
(4.0)
Faeh et al* 2007 2004 Seychelles  Urban Stratified 80.2 Adults 25-64 568 687 452  ADA FBG VP DM NR NR
random 2004 and/or (1100 (121
OGTT IFG NR NR
(304) (180)
IGT NR  NR(9.6)
(11.2)
ZWMoHs 2005 2005  Zimbabwe  Combined Multistage 72.1 Adults 225 402 1264 48 WHO FBGand VP DM 22 1.3
cluster 1999 OGTT IGT 53 52
Kasiam Lasi 2008 2005  Kinshasa, Combined  Multistage 903 All >12 4580 5190 46 WHO/ FBGand cWB DM NR NR
On’Kin et DRC cluster inhabitants ADA OGTT (237) (7.7
al¥ 2003 IFG NR  NR(9.2)
9.5
IGT NR  NR(82)
6.4)
Silva-Matos 2011 2005 Mozambique Urban® Cluster 70.5 Adults 25-64  NR NR 39 WHO FBG cWB DM 55 49
etal® 1998 IFG 32 20
Silva-Matos 2011 2005 Mozambique Rural® Cluster 70.5 Adults 25-64  NR NR 39 WHO FBG cWB DM 24 1.2
etal® 1998 IFG 23 26
Nsakashalo- 2011 2005  Lusaka, Urban Multistage NR Adults 25-64 620 1260 421 WHO' FBG cWB DM 2.1 30
Senkwe et Zambia cluster IEG 13 13
al#
Christensen 2009 2006  Luo,Kamba, Combined Random 98.2 All =17 640 819 375 WHO FBGand vWB DM NR  NR@4.2)
etal® Maasai and inhabitants 1999 OGTT (4.5)
Nairobi, IGT NR NR
Kenya 6.1) (130
Tibazarwa 2009 2007  Soweto, Urban Convenience 94 Adults NR 594 1097 46 WHO RBG cWB DM 35 30
etal* South Africa 1985
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(.. .continued)

Authors Year Study area Sampling  Response Target Age No.of adults Mean age® Diagnosis Outcomes  Prevalence (%)°
o 3 T ——— ————
Publication Study Location Type method  rate(%)  population (years) Men Women (years) Criteria ~ Method  Specimen assessed  pon Women T
Wanjihia et 2009 2008¢ - Bondoand - Rural Random 99.6 All 218 134 165 43 WHO FBGand cWB IGT 3.7 19 a
al# Kericho, inhabitants 1999 OGTT -
Kenya 3
Mathenge 2010 2008 Nakuru Urban Cluster 88 Adults 250  707¢  730° 60.8¢  WHO RBG cWB DM 99 9.9 &
etals district, 1985 2
Kenya
Mathenge 2010 2008 -+ ‘Nakuru Rural Cluster 88 Adults 250 13994 1560¢ 647 WHO RBG cW8 DM 49 49 kC~
etals district, 1985 g
Kenya 3
MWMoH** 2010 2009 Malawi Combined  Multistage 955 Adults 25-64 1690 3516 329 WHO FBG cWB DM 6.5 47 ‘3
cluster 1999 G 57 27 g
Evaristo- 2010 NR Bengo, Rural Multistage 97 Adults 30-69 126 295 496  WHO FBGand cWB DM 32 27 E
Neto et al.** Angola cluster 1985 OGTT IGT 56 9.1 C;
Maher et 2011 2009 South- Rural Census 65.6 All >13 2719 3959 329 WHO RBG VP DM NR  NR(0.4) =3
als? western inhabitants 2006 0.4 ?
Uganda
ADA, American Diabetes Association; cWB, capillary whole blood; DM, diabetes mellitus; DRC, Democratic Republic of the Congo; FBG, fasting blood glucose; IFG, impaired fasting glycaemia; IGT, impaired glucose tolerance; MWMoH, Malawi Ministry
of Health; NR, not reported; OGTT, oral glucose-tolerance test; RBG, random blood glucose; URT, United Republic of Tanzania; VP, venous plasma; vWB, venous whole blood; WHO, World Health Organization; ZWMoH, Zimbabwe Ministry of Health
and Child Welfare.
@ If never reported, estimated from the age distribution of subjects.
b Values shown are crude prevalences followed, in parentheses, by the age-adjusted values (when reported).
¢ Data for study subjects aged = 20 years.
¢ Previously unpublished information, supplied by an author of the cited report.
¢ For the meta-analysis, pooled data for all of the study areas investigated by Silva-Matos et al* (i.e. those for urban and rural areas combined) were used.
" Year not reported.
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ABSTRACT

Background: Urbanizing rural areas in China face a rapidly growing cardiovascular disease burden. Epidemiologic
studies and effective preventive strategies are urgently needed.

Methods: The Fangshan Cohort Study is a prospective study that began in 2008 and targets local residents aged 40
years or older living in 3 towns in the Fangshan district of Beijing. The baseline examination included a questionnaire
on medical history, health knowledge, and behaviors related to cardiovascular disease, as well as physical and blood
biochemical examinations. The questionnaire survey will be readministered every 2 years. A system for surveillance
of mortality and morbidity of cardiovascular disease is under development.

Results: A total of 20115 adults (6710 men and 13405 women) were investigated at baseline (participation
rate = 84.5%). The data indicate that overweight/obesity is a serious public health issue in Fangshan: average body
mass index was 25.4kg/m’> among men and 26.5kg/m’> among women, and the prevalences of overweight and
obesity were 43.6% and 10.3% among men and 47.0% and 17.7% among women.

Conclusions: The Fangshan Cohort Study will provide data on cardiovascular risk factors and disease profile,
which will assist in developing appropriate prevention and control strategies for cardiovascular disease in rural
Chinese communities.

Key words: risk factors; cardiovascular disease; rural population; cohort study; China

renminbi) for rural residents is classified as 3000 RMB or
higher, 2000 to 2999 RMB, 1500 to 1999 RMB, and less than
1500 RMB for first- to fourth-class rural areas, respectively.®
The income gap between urban and rural areas has widened

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death in
the world and accounted for 23.6% of all deaths in 2008.}

Mortality from CVD has declined in high-income countries
but is increasing in many developing countries, such as
China.? Indeed, China is facing a growing epidemic of CVD.

China is a large agricultural country. In 2006, 737 million
people were living in rural communities—56% of the entire
Chinese population.® In China, an urban area is defined as
a prefecture-level city or larger community and a rural area
as a county or smaller community. There are 4 economic
categories for rural areas. Annual per capita net income (in

with the increase in economic development that began in the
2000s. Therefore, many young workers migrate to large and
medium-sized cities to seek jobs, leaving elderly people in the
countryside. Along with the structural transformation of the
economy, lifestyles (including diet and physical activity) have
also changed. The traditional diet is made up mainly of cereals
and is low in fat and calories and high in carbohydrate and
dietary fiber. During the last 20 years, consumption of cereals
has decreased rapidly and consumption of animal products has
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increased,® which may have accelerated the epidemic of
CVD.57 In some developed rural areas, cardiovascular disease
morbidity and mortality exceed levels in urban areas.®1
However, because of the lack of health awareness, uneven
distribution of health resources, long distances to hospitals,
and low incomes, rural areas in China may have more
challenges in preventing and controlling CVD.

Large-scale cohort studies have examined the secular trend
and epidemiologic characteristics of CVD in China.!!-13
However, these cohort studies were conducted in the 1990s
and ended in around 2000. Thus, data for recent years
are lacking, especially for rural populations. In addition to
academic research, the Chinese government is addressing the
issue of chronic disease in rural areas. For example, the New
Rural Cooperative Medical System was established in 2003.'
This health care system targets the rural population and is
organized, led, and supported by the government, with the
voluntary participation of rural residents. The system is jointly
financed by individuals, collectives, and the government and
attempts to reduce illness-induced poverty and reimburse the
cost of major illnesses.'> Excepting Hong Kong and Macao,
it covers all 22 provinces, 4 municipalities, and 5 autonomous
regions in China. A total of 832 million rural residents (96%
of the entire rural population of China) were covered by this
system as of 2011.' The Chronic Disease Record was started
in 2009 and includes demographic information, family history,
medical history, outpatient record, and other information for
every resident (as recorded by community medical centers).
In 2011, it included 30% of rural residents nationwide.!” All
these policies and programs are important in preventing and
controlling chronic diseases in rural areas.

Because the epidemiologic patterns of CVD change quickly
in Chinese rural areas, we analyzed (1) CVD trends in rural
populations, (2) awareness, treatment, and control of CVD,
and their contributing factors, (3) the burden of chronic
diseases, and local health needs, (4) medications commonly
used for treating chronic diseases and their long-term
beneficial effects, adverse effects, compliance, and
pharmacoeconomics, and (5) effective preventive and
control strategies that were specially developed for rural
populations. These data will be useful in devising health
policies to address the epidemic of CVD.

METHODS

The main reason for developing the Fangshan cohort study
was to analyze the changing epidemiologic characteristics
of CVD among rural populations, including morbidity,
mortality, prevalence, and risk factors. To investigate
awareness, treatment, and control of CVD, we will conduct
repeat surveys of medical history and medication adherence,
as measured by the Morisky Scale.!® The burden of chronic
disease will be measured by potential years of life lost
(PYLL)," disability-adjusted life years (DALYs),?’ and the

medical cost of the disease. Our ultimate goal is to collect data
that assist in the development of suitable preventive strategies.
This will require identification of the risk factor profile
and sensitive biomarkers for CVD, and the establishing of
intervention priorities, after which effective, economical
treatment methods can be specially developed for rural
populations.

Study design, setting, and participants

The prospective study started in 2008, and the targeted
population was local rural residents aged 40 years or older
living in the Fangshan district of Beijing, 12.5 miles
southwest of downtown Beijing (Figure). People were
excluded if they had a severe physical or mental disease
that made them unable to answer the questionnaire or if they
had a severe medical condition that made them unable to
report to the survey location. Fangshan occupies an area of
2019km? and comprises mountains, hills, and plateaus. It
includes 8 subdistricts, 14 towns, and 6 townlets (the smallest
administrative unit in China, based on the Constitution Law
of 1982). The census population was 870000, the rural
population was greater than 400000, and the population is
relatively stable. Fangshan district has a high prevalence of
CVD.21-23 Local government and residents are cooperative,
and the present authors have been involved in the area for
other research projects since 1981.

A stratified, multistage, cluster-sampling design was used in
the present study. A random sample of 3 towns (Zhoukoudian,
Dashiwo, and Qinglonghu) was selected to represent the 3
different topographical areas (mountain, hill, and plateau,
respectively), because both health knowledge and the
conditions of the residents differ among these areas. The
3 selected towns are located in the north, center, and south
of Fangshan district (in ascending order of distance from
downtown Beijing). As in previous preliminary studies, we
used inference for a single proportion to calculate sample
size?* for the 3 towns, to detect regional differences in CVD
prevalence.’>* In Fangshan district the prevalence of
stroke was lower than the prevalences of hypertension,
coronary heart disease, and diabetes mellitus, according to
our preliminary studies.?>? Using inference for a single
proportion to calculate sample size,”* the absolute precision
was set as 10 percentage points of the expected prevalence,
and the confidence level was set as 95%. The expected
prevalence of stroke was 4.9%, 4.8%, and 4.3% for people
aged 40 years or older in Zhoukoudian, Dashiwo, and
Qinglonghu, respectively, according to our pilot study. After
calculating the sample size for each town, we used cluster
sampling, with the village as the unit. We calculated the
proportion of people that had to be sampled from the census
population in each town. That proportion was almost equal to
the proportion of the village that needed to be sampled from
the town, because the census population of the village is
nearly identical. After the calculation, 14, 10, and 18 villages
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Figure.

needed to be sampled out of the 24, 24, and 20 villages
in Zhoukoudian, Dashiwo, and Qinglonghu, respectively.
Within towns we used simple random cluster sampling for
villages, because there is no heterogeneity of characteristics
among different villages in the same town. In 2008, the annual
per capita net income for rural residents (US dollars) was
$1408 for Zhoukoudian, $1218 for Dashiwo, and $1254 for
Qinglonghu. It ranged from $651 to $2446 for other areas
and was $1450 for the Fangshan district overall.?® Therefore,
the economic levels of the 3 towns did not substantially differ
from that of the Fangshan district overall and were higher
than the national average for rural areas ($686 in 2008).

In 2008, the bascline survey was conducted for the
sampling subjects (n=7514) in Zhoukoudian town, which
had a census population of 12674 adults aged 40 years or
older; 6047 chose to participate (participation rate = 80.5%).
In 2009, the survey was conducted for the sampling subjects
(n = 7728) in Dashiwo town, which had a census population
of 17 872 adults aged 40 years or older; 6211 (80.4%) chose
to participate. In 2010, the survey was conducted for the
sampling subjects (n = 8571) in Qinglonghu town, which had
a census population of 9753 adults aged 40 years or older;
7857 (91.7%) chose to participate. Thus, a total of 20115
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Map showing the locations of the 3 towns studied in the Fangshan Cohort Study.

adults participated in the baseline survey of the 3 towns, and
the overall participation rate was 84.5%.

The baseline survey included an interview and physical
and blood biochemical examinations and was conducted at
the community medical center of each sampled village. To
recruit participants, the staffs of the local village governments
publicized the survey through broadcasts and household
telephone 1 day before and during the survey. The interview
was done by trained investigators using a uniform
questionnaire, the physical examination was conducted by
research physicians and nurses, and the blood samples were
processed by laboratory technicians.

Baseline measures

The main measures of the baseline examination are
summarized in Table 1. Additional information for some
items was investigated in the 2010 questionnaire survey.

The baseline questionnaire included the following
individual-level information: demographic factors (age,
sex, marriage status, education level, and occupation),
medical history (year of diagnosis and medication used for
hypertension, diabetes mellitus, coronary heart disease,
and stroke diagnosed by a class 2 or higher hospital). To
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Table 1. Summary of the baseline measures in Fangshan
Cohort Study

Demographic information
Age
Sex
Ethnic group
Marital status
Education background
Occupation
Annual income

Medical history
Hypertension, diabetes mellitus, coronary heart disease, stroke
Family history of hypertension, diabetes mellitus, coronary heart
disease, stroke

Health knowledge and behaviors
Willingness and methods to obtain health information
Smoking status
Alcohol consumption
Physical exercise (frequency of exercise, type of exercise)
Dietary pattern (preference for tea, meat, oil, sweet food, salty food)
Sleep duration

Quality of life
Assessed by self-rated health with 5 rating levels, or the EQ-5D
scale?

Demand and utilization of health service?

Physical examination
(Resting blood pressure, height, weight, waist and hip
circumferences,? 12-lead resting electrocardiogram)

Blood biochemical examination
Total cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol,
blood glucose

Abbreviations: EQ-5D, European Quality of Life~5 Dimensions scale;
LDL, low-density lipoprotein; HDL, high-density lipoprotein.
aAdditional information investigated in 2010 questionnaire survey.

investigate genetic epidemiology, we also obtained a detailed
family history of CVD so that we could collect information on
pedigrees, sib-pairs, and twins. Investigated lifestyle factors
included smoking status and number of cigarettes smoked per
day (current smokers were defined as people who had smoked
more than 100 cigarettes in the past and had smoked during
the previous 30 days; ex-smokers were defined as people who
had smoked more than 100 cigarettes in the past but had
not smoked during the previous 30 days), drinking status
(current drinkers were defined as persons who reported current
consumption of alcohol at least once a week; ex-drinkers were
defined as people who reported consuming alcohol at least
once a week in the past but not during the previous 30 days),
regular physical exercise (defined as intentional exercise for at
least 30 minutes at least once per week during the previous 6
months, not including housework or job-related work), dietary
pattern (preference for tea, meat, oil, sweet food, or salty
food), and hours of sleep per night. The definition of smoking
was the same as that used in the Chinese National Health
Services Survey in 2008,* and the definitions for drinking
and regular physical exercise were the same as those used in
the Chinese National Health Services Survey in 2008 and
National Nutrition and Health Survey in 2002.%*’ Regular
physical exercise was determined by asking the question,
“Do you intentionally exercise?”, and the responses “always”

(for at least 30 minutes >3 times per week) and “sometimes”
(at least 30 minutes once or twice per week) were regarded as
an affirmative response. Quality of life was assessed by the
European Quality of Life-5 Dimensions (EQ-5D) scale?® in
2010, and by self-rated health, with 5 rating levels, before
that. Participant knowledge of CVD, and willingness and
common approaches to obtain such knowledge, were also
surveyed. We asked if they understood the relations between
lifestyle and traditional risk factors and between risk factors
and CVD. Further, we ascertained their willingness to obtain
more information on healthy living, the media they most
frequently consulted, and frequency of watching TV programs
on the Fangshan Health Channel. We used some of the
questions from the Chinese National Health Services Survey
to measure resident health-service demands, utilization, and
expenditure. Because the New Rural Cooperative Medical
System was established in 2003, we also asked about
participant satisfaction and comments regarding the system.

The physical examination comprised resting blood
pressure, height, weight, waist circumference, hip
circumference, and a 12-lead resting electrocardiogram
(ECG). Systolic and fifth-phase diastolic blood pressures in
the right arm were measured 3 times by trained physicians
using standard mercury sphygmomanometers and a standard
epidemiologic method. The participants were asked to sit and
rest for 5 minutes before measurements.?® Hypertension was
defined as an average systolic blood pressure of 140 mm Hg or
higher, an average diastolic blood pressure of 90 mmHg or
higher, and/or use of antihypertensive medications, according
to the 1999 World Health Organization International Society
of Hypertension Guidelines.3° Diabetes mellitus was defined
as a fasting glucose level of 7.0 mmol/l or higher, a random
glucose level of 11.1 mmol/l or higher, and/or use of insulin
or oral hypoglycemic agents, according to the 1999 World
Health Organization Guidelines.?! Height was measured by
using a fixed stadiometer. Participants were asked to remove
their shoes and hats, stand with heels, hips, and shoulders
to the wall, look straight ahead, and keep their shoulders
horizontal. The measurements were accurate to 1 cm. Weight
was measured by a calibrated weighing scale. Participants
were asked to remove heavy clothes and shoes. Measurements
were accurate to 1kg. Waist and hip circumferences were
measured while the participant was standing. Waist
circumference was measured with the tape at the midpoint
between the lower costal margin and the iliac crest; hip
circumference was measured at the level of maximal extension
of the buttocks. The 12-lead resting ECG was measured by a
standard method.*?

Venous blood samples were sent to the laboratory of The
First Hospital of Fangshan District for measurement of total
cholesterol, triglycerides, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol (measured directly), and
blood glucose. Serum was used for the assay, and blood
samples were stored at —20°C for DNA extraction. The lipids
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and glucose were analyzed by a Hitachi 7060 Automatic
Biochemical Analyzer (Hitachi High-Technologies Corp.,
Tokyo, Japan). All samples were assayed in the same
laboratory with the same analyzer. Quality control of the
laboratory was maintained by internal standardization. In
addition, the laboratory of the First Hospital of Fangshan
District is under external standardization with the Beijing
Central Clinical Laboratory.

Follow-up and outcome measures

Follow-up surveys have been conducted every 2 years since
2010. The information collected is the same as that obtained
for the baseline survey, except for family history. We also
gathered information on outpatient records, to evaluate CVD
treatment and control. This information was collected from
community medical centers (which are present in every
village). A morbidity and mortality surveillance system is
currently under development. Fangshan joined the WHO-
MONICA project in 1984,33 and a registry system has been
in place since then. The surveillance system is based on
that registry system. The process and criteria for case
ascertainment and validation are identical to those used
in the WHO-MONICA project.>* The surveillance system
comprises the community medical centers, 3 township
hospitals (each town has 1 township hospital), and 3 upper-
class-2 hospitals (Liangxiang Hospital, the First Hospital
of Fangshan District, and Fangshan Traditional Chinese
Medicine Hospital).

Ethical issues

The study protocol and informed consent procedure were
approved by the Ethics Committees of Peking University
Health Science Center. All study participants signed the
informed consent form before taking part in the survey.

Statistical analysis

Age- and sex-specific descriptive statistics are presented as
mean (SD) for continuous variables and as frequency counts
and proportions for categorical data. To test differences in
means and proportions among the 3 towns, we used analysis
of variance and the x* test, respectively. The Statistical
Program for Social Sciences, Version 17.0 (SPSS Inc.,
Chicago, IL) was used for all statistical analyses. A 2-tailed
P value of less than 0.05 was considered to indicate statistical
significance.

RESULTS

Table 2 summaries the baseline characteristics of the
participants. Mean age was 56.6 years for men and 55.6
years for women; 90.6% of men and 86.3% of women were
married, and 7.0% of men and 12.8% of women were
widowed. The proportion of married respondents decreased,
and the proportion of widowed participants increased, with
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increasing age. The proportion of single/divorced participants
was 0.3% to 1.4% for both sexes. The most commonly
reported level of education was junior high school (53.1% of
men and 38.3% of women). A primary school education was
the second most frequent level of education (22.8% of men
and 28.2% of women). Few people had entered university
(only 0.1% for both sexes). As age increased, the proportion
of people who had never attended school increased and the
proportions of those with a junior high school or high school
education decreased.

Regarding smoking status, 57.1% of men and 11.1%
of women were current smokers, and 26.9% of men and
85.8% of women were never smokers. As age increased, the
proportion of current smokers decreased among men and
increased among women.

As for alcohol consumption, 49.9% of men and 6.1% of
women were current drinkers, and 38.7% of men and
92.8% of women were never drinkers. As age increased, the
proportion of current drinkers decreased among men and
increased among women, as was the case for smoking.
Overall, 37.4% of men and 43.7% of women reported
engaging in regular physical exercise. Excepting adults aged
80 years or older, the proportion of adults taking part in
regular physical exercise increased with age.

Regarding dietary preference, 42.6% of men and 34.3%
of women reported preferring salty foods. This preference
was more prevalent among younger age groups in both sexes.
The prevalence of hypertension was 64.5% among men and
61.8% among women. The prevalence of diabetes mellitus
was 12.1% among men and 13.6% among women. The
proportions of respondents who reported a diagnosis of
hypertension, diabetes mellitus, coronary heart disease, and
stroke were 43.8%, 11.9%, 14.5%, and 13.7%, respectively,
among men and 47.2%, 14.5%, 19.6%, and 8.3%,
respectively, among women.

Mean BMI was 25.4kg/m> among men and 26.5kg/m?
among women; 43.6% of men and 47.0% of women were
overweight (BMI 25.0-29.9kg/m?) and 10.3% of men and
17.7% of women were obese (BMI >30.0 kg/m?). Mean BMI
and the proportions of overweight and obesity were higher
among younger as compared with older age groups.

All characteristics of the participants from the 3 towns
significantly differed, except for prevalence of diabetes
mellitus among men (Table 3). The men and women in
Qinglonghu had higher educational levels, and lower
proportions of current drinkers, as compared with
participants in the other 2 towns. The men and women in
Dashiwo had the lowest educational level and the lowest
proportion of regular physical exercise.

DISCUSSION

Fangshan is a rapidly urbanizing rural area and thus provides
a good setting to investigate changes in cardiovascular risk
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Table 2. Baseline characteristics of the Fangshan Cohort Study

89

Men Women

Age, years 40-49 50-59 60-69 70-79 280 Total 40-49 50-59 60-69 70-79 280 Total
Number 1917 2463 1483 726 121 6710 4134 5118 2797 172 184 13405
Marital status (%)

Single 1.2 1.7 1.3 1.3 0.9 14 0.2 0.2 0.6 0.5 0.5 0.3

Married 96.3 94.0 90.0 71.2 52.2 90.6 97.4 93.4 775 47.1 255 86.3

Divorced 15 1.1 0.6 0.4 0 1.0 0.7 0.6 0.3 0.4 0.5 0.5

Widowed 1.0 3.1 8.1 270 47.0 7.0 1.7 58 217 521 72.6 12.8
Education (%)

Never 22 6.5 124 39.4 60.0 111 3.0 20.1 34.2 73.1 86.8 234

Primary school 75 218 319 47.2 26.1 22.8 12.2 358 417 225 104 282

Junior high school 65.4 59.2 50.8 11.8 10.4 53.1 64.8 347 23.0 35 27 38.3

High school 249 124 4.8 14 35 129 20.0 9.4 1.1 0.8 Q 10.0

University 0 0 0.1 0.1 0 0.1 0.1 0 0 0 [¢] 0.1
Smoking status (%)

Never 26.4 25.6 276 296 36.8 26.9 92.5 89.3 717 68.0 75.0 85.8

Ex-smoker 9.5 15.2 19.7 26.0 289 15.9 0.7 1.9 5.1 106 10.3 31

Current 64.0 59.2 527 44.4 34.2 57.1 6.8 8.8 171 214 14.7 1.1
Drinking status (%)

Never 375 384 384 43.3 44.7 38.7 935 93.8 92.1 88.7 88.5 92.8

Ex-drinker 6.9 11.4 12.8 18.7 184 1.3 0.5 0.8 16 3.5 1.6 1.1

Current 55.5 50.2 48.8 38.0 36.8 49.9 59 55 6.3 7.8 9.8 6.1
Regular physical exercise (%)?

No 71.0 64.8 54.6 49.9 51.8 62.6 62.4 57.7 47.8 475 62.7 56.3

Yes 29.0 352 454 50.1 48.2 37.4 37.6 423 522 52.5 37.3 437
Taste preference (%)

Salty 452 447 40.9 33.9 354 42.6 3741 35.6 316 217 18.5 343

Somewhat salty 36.7 36.8 343 40.4 274 36.5 395 39.8 40.7 425 46.7 40.2

Not salty 18.1 18.4 24.9 257 37.2 209 235 247 217 297 34.8 255
Prevalence (%)

Hypertension® 58.7 63.9 68.5 733 69.3 64.5 51.6 61.5 70.3 76.8 731 61.8

Diabetes mellitus® 10.8 133 122 121 8.3 121 8.4 145 19.1 14.8 14.2 13.6
Medical history (%)

Hypertension 34.2 419 53.0 55.6 49.1 43.8 334 47.9 57.7 64.2 61.2 47.2

Diabetes mellitus 10.6 132 1.8 11.3 7.8 1.9 8.6 15.5 20.7 15.5 15.3 14.5

Coronary heart disease 75 126 213 249 17.1 14.5 8.2 18.0 30.3 37.5 37.2 196

Stroke 50 13.0 209 235 16.4 13.7 27 786 14.2 16.5 14.2 8.3
BMI (kg/m?) 262+36 255134 249134 241437 238+38 254x36 26637 268+38 26440 254142 244+39 265+3.9
BMI (%)

<18.5 07 1.2 23 4.1 58 17 0.3 0.6 15 3.9 5.0 1.1

18.5-24.9 357 429 504 57.9 61.7 44.5 343 309 357 425 50.9 34.2

25-29.9 49.6 45.6 39.9 315 26.7 43.6 48.0 49.3 449 39.4 379 47.0

230 14.1 104 7.4 6.6 5.8 10.3 17.3 191 17.9 14.3 6.2 17.7

Abbreviation: BMI, body mass index.

@Defined as intentional exercise for 230 minutes and at least once per week during previous 6 months, not including housework or job-related work.
bDefined as average systolic blood pressure 2140mmHg, average diastolic blood pressure 290mmHg, and/or use of antihypertensive

medications.

°Defined as fasting glucose = 7.0 mmol/l, random glucose 2 11.1 mmol/l, and/or use of insulin or oral hypoglycemic agents.

factors and disease among rural populations in such
conditions. Previous large cohort studies include the China
Multi-provincial Cohort Study of 28594 residents in 11
provinces (started in 1992; 12-year follow-up),'! a prospective
study of 5137 male steel workers in Beijing (21-year follow-
up),'? the USA-PRC collaborative study of 11336 men and
women in Beijing and Guangzhou (17-year follow-up),'? and
the Sino-MONICA project investigation of 5 million people
in 16 provinces (7-year follow-up), which monitored trends
and determinants of CVD.” However, all these studies ended

around the year 2000. The Fangshan Cohort Study will
provide data on current cardiovascular epidemiology.

A limitation of the Fangshan Cohort study is the
representativeness of the Chinese rural population. China
is a large country, with great diversity among its different
regions. There may be large differences in CVD incidence,
prevalence, and mortality among different rural areas.®
Nevertheless, the Fangshan district is representative of
developed rural areas in northern China. Because the
examinations were free, and due to the good relationship
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Table 3. Baseline characteristics by town (n, [%])

Men P for Women P for
Zhoukoudian  Dashiwo  Qinglonghu difference  zngikoudian  Dashiwo  Qinglonghu  difference

Age (mean + SD) 55.6+10.0 576+17.8 56.5+10.0 <0.001 55.4+10.0 55.6+9.8 55.8+9.6 0.110

Age groups <0.001 <0.001
40-49 618 (31.8) 520 (26.1) 779 (28.1) 1305 (31.8) 1304 (30.9) 1525 (30.0)

50-59 736 (37.8) 706 (35.4) 1021 (36.9) 1597 (38.8) 1599 (37.9) 1922 (37.8)
60-69 376 (19.3) 484 (24.2) 623 (22.5) 746 (18.2) 888 (21.1) 1163 (22.9)
70-79 184 (9.5) 249 (12.5) 293 (10.6) 406 (9.9) 365 (8.7) 401 (7.9)
280 32 (1.6) 37 (1.9) 52 (1.9) 47 (1.1) 59 (1.4) 78 (1.5)

Marital status <0.001 0.001

Single 12 (0.7) 42 (2.1) 37 (1.4) 18 (0.5) 5(0.1) 17 (0.3)
Married 1543 (92.5) 1827 (89.6) 2459 (90.1) 2985 (85.0) 3747 (87.5) 4373 (86.2)
Divorced 16 (1.0) 12 (0.6) 38 (1.4) 16 (0.5) 17 (0.4) 36 (0.7)

Widowed 96 (5.8) 157 (7.7) 195 (7.1) 494 (14.1) 513 (12.0) 645 (12.7)

Education <0.001 <0.001

Never 172 (10.3) 380 (18.6) 160 (5.9) 783 (22.3) 1502 (35.1) 731 (14.4)
Primary school 358 (21.4) 527 (25.9) 583 (21.4) 1019 (29.0) 1110 (25.9) 1504 (29.7)
Junior high school 885 (53.0) 937 (46.0) 1597 (58.6) 1368 (38.9) 1362 (31.8) 2195 (43.3)
High school 244 (14.6) 189 (9.3) 382 (14.0) 346 (9.8) 304 (7.1) 635 (12.6)
University 12 (0.7) 5 (0.2) 4 (0.1) 2 (0.1) 4 (0.0) 1(0.0)

Smoking status 0.003 <0.001
Never 500 (29.6) 507 (24.9) 725 (26.8) 2920 (82.3) 3756 (87.7) 4367 (86.6)
Ex-smoker 288 (17.1) 323 (15.8) 414 (15.3) 156 (4.4) 97 (2.3) 144 (2.9)

Current 900 (53.3) 1208 (59.3) 1562 (57.8) 470 (13.3) 431 (10.1) 531 (10.5)

Drinking status <0.001 <0.001
Never 689 (40.8) 573 (28.1) 1229 (45.5) 3205 (90.2) 3927 (91.7) 4822 (95.6)
Ex-drinker 185 (11.0) 289 (14.2) 253 (9.4) 66 (1.9) 51 (1.2) 29 (0.6)

Current 815 (48.3) 1176 (57.7) 1220 (45.2) 281 (7.9) 306 (7.1) 193 (3.8)

Regular physical exercise? <0.001 <0.001
No 743 (45.1) 1635 (80.2) 1636 (59.9) 1347 (38.7) 3148 (73.5) 2741 (54.0)

Yes 905 (54.9) 403 (19.8) 1094 (40.1) 2133 (61.3) 1135 (26.5) 2338 (46.0)

Taste preference <0.001 <0.001
Salty 716 (42.5) 751 (36.8) 1270 (47.1) 1213 (34.3) 1303 (30.4) 1894 (37.6)
Somewhat salty 610 (36.2) 839 (41.2) 892 (33.1) 1398 (39.5) 1823 (42.6) 1943 (38.6)

Not salty 358 (21.3) 448 (22.0) 536 (19.9) 929 (26.2) 1158 (27.0) 1197 (23.8)

Prevalence
Hypertension® 1362 (78.5) 1539 (67.5) 1427 (53.0) <0.001 2561 (72.7) 3258 (65.6) 2465 (49.9)  <0.001
Diabetes mellitus® 224 (12.9) 251 (11.0) 331 (12.3) 0.155 451 (12.8) 621 (12.5) 736 (14.9) 0.001

Medical history
Hypertension 864 (50.0) 852 (42.7) 1104 (40.7) <0.001 1787 (49.5) 2004 (47.5) 2285 (45.3)  <0.001
Diabetes mellitus 236 (13.6) 187 (9.4) 339 (12.6) <0.001 499 (13.8) 573 (13.6) 788 (15.7)  <0.001
Coronary heart disease 279 (16.1) 331 (16.6) 320 (11.9) <0.001 757 (21.0) 812 (19.3) 957 (19.0)  <0.001
Stroke 154 (8.9) 315 (15.8) 411 (15.2) <0.001 192 (5.3) 369 (8.8) 504 (10.0)  <0.001

BMI 25.7+£3.3 252+3.7 254+3.6 <0.001 26.5+3.8 26.8+3.8 26.2+3.9 <0.001

BMI group <0.001 <0.001
<18.5 22 (1.4) 36 (1.5) 55 (2.1) 37 (1.0) 39 (0.8) 63 (1.3)
18.5-24.9 631(38.9) 1172 (49.0) 1168 (43.8) 1201 (33.8) 1466 (31.5) 1811 (37.0)

25-29.9 805 (49.6) 946 (39.5) 1160 (43.5) 1685 (47.5) 2232 (47.9) 2238 (45.8)
230 166 (10.2) 240 (10.0) 281 (10.5) 626 (17.6) 919 (19.7) 776 (15.9)

Abbreviation: BMI, body mass index.

2Defined as intentional exercise for 230 minutes and at least once per week during previous 6 months, not including housework or job-related work.
bDefined as average systolic blood pressure 2140mmHg, average diastolic blood pressure =90mmHg, and/or use of antihypertensive
medications.

®Defined as fasting glucose 27.0 mmol/l, random glucose 211.1 mmol/l, and/or use of insulin or oral hypoglycemic agent.
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