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A comparative evaluation of waist circumference, waist-to-hip
ratio, waist-to-height ratio and body mass index as indicators
of impaired glucose tolerance and diabetes mellitus
type 2 risk factors

Obesity can be defined as an excessive accumulation of fat tissue, which worsens the
health status and general feeling of a man (3). It is recognized as one of the most serious
factors of insulin resistance development and consequently of impaired glucose tolerance (IGT)
and diabetes mellitus type 2 (DM2) - 2,4,

A number of anthropometric indices are used for indirect evaluation of fat tissue
accumulation: body mass index (BMI), waist circumference (WC), waist to height ratio
(WHI(R) and waist to hip ratio (WHR), which is used for central obesity identification. The aim
of this study is to determine which of these factors is the most advisable for the assessment of
glucose tolerance disturbances risk in clinical practice. Plotting the ROC curve, we made a
comparison of the diagnostic precision of the above tests. Simultaneously, we made an attempt
to determine the cut-off points of these indices pointing to increased IGT and DM2 risk in the
examined population (7).

MATERIAL AND METHODS

The analysis was based on the data collected in the 1998-2001 period during the
realization of the research project PBZ/018-11 commissioned by Minister of Health and Social
Care: ,Primary and Secondary Prevention and Their Impact On Epidemiological and
Economical Indices In Diabetes Type 1 and 2 In The Polish Population”, which was co-
ordinated by Prof. Zbigniew Szybinski. The research involved 1965 people aged > 35 years
selected by double-stage random sampling from among the population of the Lublin town (8).

The examined (barefoot and in light clothes) were weighed on medical scales. The height
was measured with a height ruler. Waist circumference (at the navel level) and hip
circumference (at the level of greater trochanter of femoral bones) were measured with a
measuring tape.

A sample of fasting blood was taken from the basilic vein in order to determine the whole
blood glucose concentration level. Glicaemia was additionally measured 2 hours after a 75 g
oral glucose load in the case of the patients without a firm earlier diabetes recognition and
whose fasting glicaemia did not exceed 8 mmol/l (144mg/dl). Glucose concentration was
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significantly weaker relation with IGT than with DM2. WHtR proved to have the highest
diagnostic value in the IGT risk assessment IGT and WC in the assessment of DM2. Interval
estimation demonstrated the presence of statistically significant differences between WHR and
other indices in the ROC distribution for DM2.

Table 2. Cut-off points for IGT

Sex Index Cut-off point Sen(s;;}n)vny Spe(ctx%ﬁ)cny Effec(t(;(\}/)eness
BMI (kg/m°) 27.2 59.5 60.0 59.75
Women WC (cm) 94 56.8 59.7 58.25
WHIR 0.59 57.1 60.6 58.85
WHR 091 55.2 60.1 57.65
BMI (kg/m’) 26.8 53.8 52.7 53.25
Men WC (cm) 97 53.8 57.7 55.75
WHIR 0.56 53.2 58.2 55.7
WHR 0.96 54.9 55.7 55.3
BMI (kg/m?) 27.0 57.6 57.1 57.35
Total WC (cm) 95 55.3 56.5 55.9
WHIR 0.57 57.9 58.5 58.2
WHR 0.93 56.3 53.5 54.9

Finding the best cut-off points of the anthropometric indices pointing to higher IGT (Tab.
2) and DM2 (Tab. 3) risks in the studied population was the next stage of our analysis. These
points were set where both the values of sensitivity and specificity were at the maximum. The
analysis was made: in the entire population; in a sex breakdown.

Table 3. Cut-off points for DM2

Sex Index Cut-off point Sen(s;}x)vuy Spc(c‘;oﬁ)cny Effec(l';;’/)eness
BMI (kg/m’) 29.2 70.2 69.9 70.05
Women WC (cm) 97 68.7 67 67.85
WHIR 0.62 68.7 72 70.35
WHR 0.91 64.9 60.1 62.5
BMI (kg/m’) 27.9 63.4 63.5 63.45
Men WC (cm) 99 64.1 63.2 63.65
WHIR 0.57 66.2 64.9 65.55
WHR 0.97 59.2 62.1 60.65
BMI (kg/m®) 28.5 67.0 67.3 67.15
Total WC (cm) 98 66.7 65.6 66.15
WH(R 0.59 66.7 67.7 67.2
WHR 0.95 63.0 63.7 63.35
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DISCUSSION

Primary health care doctors should play a crucial role in detecting DM2 risk and its early
recognition — more and more often it is going to be a well-educated family doctor.

Unfortunately, the load of daily work, occasional lack of even the most simple technical
possibilities (lack of flexible but not stretchy scaled measuring tape, the so called, ,tailor’s
measuring tape”, lack of stiff height measuring ruler, lack of medical scales and a glucometer)
but frequently also lack of medical knowledge cause a delay in the DM2 recognition. It is
frequently recognized only wher its clear clinical symptoms appear and sometimes only when
its “remote” complications are already present.

The research presented in this paper was carried out with the intention of making the
daily work of primary health care doctor easier and more effective. It has been long known that
DM2 risk grows along with the obesity level increase determined by the BMI growth. This fact
was confirmed by our earlier studies (8).

BMI determination requires reliable body mass and height measurements and making
quite a complicated — for some doctors — calculation. As we proved in this study, a simple,
lasting more or less 10 seconds, measurement of waist circumference (WC) allows to precisely
determine the DM?2 risk.

There are a number of studies (5, 6, 10) which prove that this is the most useful index
not only in IGT and DM2 diagnosis but also in diagnosis of other metabolic syndrome
components such as arterial hypertension and dyslipidaemia and thus in the risk assessment of
serious cardio-vascular diseases.

Our analysis confirms that the cut-off points of anthropometric indices in IGT and DM2
risk evaluation should be differentiated according to the sex, which can result from different
distribution of the fat tissue in women and men. Berber (1), among others, pointed to this fact
in his study. It should also be remembered, that they are characteristic of a particular
population and a particular disease. Their value falls in older age groups (9).

SUGGESTIONS

All the studied indices have a similar value for DM2 risk assessment.
Waist circumference (WC) is especially noteworthy for the doctor’s daily
practice both because of its high diagnostic precision and exceptional
simplicity of its determination.

The cut-off points of the studied indices should be differentiated
according to sex.
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SUMMARY

A number of anthropometric indices is used for evaluation of fat tissue accumulation. It is
known, that together with increase of obesity increases prevalence of impaired glucose
tolerance (IGT) and diabetes mellitus type 2 (DM 2). The aim of this study was to determine,
which of following indices: body mass index (BMI), waist to hip ratio (WHR), waist to height
ratio (WHtR) and waist circumference (WC) is the most suitable for the assessment of glucose
tolerance disturbances’ risk in clinical practice. Material and methods: The research involved
an examination of 1965 people aged > 35 years selected from the Lublin town population.
Their body mass, height, waist and hip circumferences were measured. Fasting glicaemia and
glucose concentration level in the 120" minute after 75g glucose oral load were determined in
full vein blood. DM 2 and IGT were diagnosed according to the 1985 WHO criteria. The
evaluation of receiver operating characteristics (ROC) and Pearson’s correlation test were used
for statistical analysis. Results: The increase of all the studied indices was correlated with the
increase of glicaemia, especially after an oral glucose load. The weakest correlation was shown
by WHR. WC showed the strongest correlation with fasting glicaemia (except for men, where
closer relationship with BMI was observed). Glicaemia after the load was stronger correlated
with BMI and WHtR. A comparison of indices made by the analysis of ROC proved that all of
them are characterised by a similar relation with the studied diseases. The indices in question
showed significantly weaker relation with IGT than with DM 2. WHtR proved to have the
highest diagnostic value in the IGT risk assessment IGT and WC in the assessment of DM 2.
Interval estimation demonstrated a presence of statistically significant differences between
WHR and other indices in the ROC distribution for DM2. The best cut-off points suggested
higher DM 2 risk we found were: BMI ~ 29,2 kg/m?, WC — 97 cm, WHIR — 0,62, WHR - 0,91
for women and 27,9 kg/m?%, WC - 99 cm, WHtR — 0,57, WHR - 0,97 for men. Conclusions:
All the studied indices have a similar value for DM 2 risk assessment. Waist circumference
(WC) is especially noteworthy for the family doctor’s practice both because of its high
diagnostic precision and exceptional simplicity of its determination. The cut-off points of the
studied indices should be differentiated according to sex.
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Poréwnanie warto$ci wskaznika masy ciala, stosunku obwodu talii do obwodu bioder, stosunku
obwodu talii do wzrostu oraz obwodu talii jako wskaznikéw cukrzycy typu 2

Dla oceny kumulacji tkanki tluszczowej, a wigc stopnia otylosci, stosuje si¢ rdine
wskazniki. Jednoczesnie wiadomo, Zze wraz z narastaniem otylo$ci zwigksza si¢ czestosé
wystegpowania upo$ledzonej tolerancji glukozy (IGT) i cukrzycy typu 2 (DM2). Celem pracy
byla ocena wartosci indeksu masy ciata (BMI), stosunek masy ciala (kg) do kwadratu
wysokosci (mz), stosunku obwodu talii do obwodu bioder (WHR), stosunku obwodu talii do
wysokosci (WHIR) i obwodu ta'ii (WC) we wnioskowaniu o mozliwosci istnienia IGT i DM.
Zbadano 1965 os6b od 35 roku zycia, mieszkajacych w Lublinie. Badanych wazono, mierzono
ich wysokos¢, obwdd talii (na wysokosci pgpka), obwdd bioder, wykonywano pomiar glikemii
we krwi zylnej pelnej na czczo i 2 godziny po doustnym obcigzeniu 75g glukozy. DM2 i IGT
rozpoznawano wedlug kryteriéw WHO z roku 1985. Oceng statystyczna uzyskanych wynikéw
przeprowadzono przy uzyciu testu korelacji Pearsona i analizy krzywych ROC. Analizy
dokonano dla zbadanej populacji w grupie kobiet i m¢zczyzn, w grupach wiekowych: 35-54,
55-69, 70 i wigcej lat. Wielko$¢ wszystkich wskaZnikéw korelowala dodatnio z wielkoscig
glikemii, zwlaszcza po obciazeniu glukoza. Z glikemia na czczo najsilniej korelowal WC (z
wyjatkiem mezczyzn, gdzie silniejszy zwiazek byl z BMI), z glikemia po obciazeniu glukoza
najsilniej korelowaty BMI i WHItR. Analiza krzywych ROC, ukazujacych zwigzek BMI, WHR,
WHI(R i WC z IGT i DM2, wykazala, ze wszystkie te wskazniki charakteryzuje podobny
zwiazek z badanymi schorzeniami. Stwierdzono obecno$¢ statystycznie istotnych réznic
pomigdzy WHR i pozostalymi wskaznikami w rozkladzie ROC dla cukrzycy. W diagnostyce
DM2 najwyzsza dokladno$¢ diagnostyczna wykazywal WC. Obliczone przez nas punkty
odcigcia, najlepiej wskazujace na ryzyko nieprawidlowej tolerancji glukozy, réznily si¢ w
grupach plci i wynosity dla DM2: BMI - 29,2 kg/m?, WC - 97 cm, WHtR - 0,62, WHR - 0,91
w grupie kobiet i 27,9 kg/m?, WC - 99 cm, WH(R - 0,57, WHR - 0,97 odpowiednio w grupie
mg¢zezyzn. W ocenie ryzyka DM2 wszystkie badane wskaZniki antropometryczne maja
zblizona warto$¢, a szczeg6lnie godny polecenia w codziennej praktyce lekarskiej jest obwéd
talii (WC) ze wzgledu na wysokg dokladno$é diagnostyczna i wyjatkowq prostotg¢ oznaczania.
Punkty odcigcia badanych wskaznikéw powinny by¢ zréznicowane w zaleznosci od plci.



