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A unique form of diabetes termed as malnutrition related diabetes mellitus
(MRDM) has been included as a separate entity in the recent WHO study
group report classification of diabetes!!. Two subgroups are recognized under
MRDM, namely fibrocalculous pancreatic diabetes (FCPD) and protein def-
icient diabetes mellitus (PDDM). Within India, FCPD is more common in the
southernt and PDDM in the northern, parts of the country’. In this paper, we
report on anthropometric data on three groups of diabetic patients namely
fibrocalculous pancreatic diabetes (FCPD), insulin dependent diabetes mellitus
(IDDM) and non-insulin dependent diabetes mellitus (NIDDM) seen at the
Diabetes Research Center at Madras in southern India. To our knowledge this
is the first report of detailed anthropometric studies in tropical forms of dia-
betes.

PATIENTS AND METHODS

The following groups of subjects were studied:

1) Controls - Healthy, non-diabetic volunteers who were chosen from the staff of our center.
None had a family history of diabetes and all had normal oral glucose tolerance tests according
to WHO criteria". None had any evidence of systemic illness, nor different socio-economic sta-
tus in comparison with the diabetic patients.

2) Fibrocalculous pancreatic diabetes (FCPD) - Patients diagnosed as FCPD gave a history of
severe recurrent abdominal pain suggestive of pancreatitis, had evidence of pancreatic calculi on
plain x-ray abdomen and other features of chronic pancreatitis, e.g. ductal dilation on ultrasono-
graphy®. None had any evidence of hepatobiliary disease.

8) Insulin dependent diabetes mellitus (IDDM) - Criteria for IDDM were abrupt onset of dia-
betes, requirement of insulin for control of hyperglycemia right from the onset of diabetes,
proneness to ketosis in the basal state or documented episodes of ketoacidosis in the past. None
had a history suggestive of pancreatitis and all had normal abdominal x-rays and ultrasono-
grams.
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4) Non-insulin dependent diabetes mellitus (NIDDM) - These patients had insidious onset of
diabetes, responded to diet or diet and oral hypoglycemic agents and were non-ketosis prone
during ordinary conditions of life. They had no history suggestive of pancreatitis and abdominal
x-rays and ultrasound studies were normal. _

Diagnosis of diabetes was based on the WHO study group criteria". All diabetic subjects
were studied at the time of first registration at our center before we could alter the treatment
pattern. Consecutive patients who visited our center during the period, January 1988 to De-
cember 1988 were studied. Subjects in the age group 20-60 years were chosen to avoid wide
disparity in age which could affect anthropometric studies®.

Anthropometric studies

The following parameters were used in this study: body weight, body mass index (BMI),
triceps-, biceps-, subscapular-, and suprailiac-skinfolds, mid-arm circumference and fat mass.
Body weight and height were measured by a single trained technician using a beam scale. Mea-
surements were taken with shoes removed and with light clothing. BMI was calculated using the
formula: weight in kg/height in square meters. Skinfold thickness measurements were made
using Harpenden skinfold calipers (Holtain Ltd., Pembrokeshire, U.K.). Measurements at differ-
ent sites namely, triceps, biceps, subscapular and suprailiac and mid-arm circumference measure-
ments were done using standard techniques®. Fat mass was calculated using the sum of the 4
skinfolds according to the method of DurNIN and WormseLey®, Wherever possible, the body
weight of diabetic patients prior to the onset of diabetes was obtained from previous medical or
personal records. All measurements were made by the same individual (§]) to avoid inter-ob-
server variation.

Statistical Analysis was done using Microstats statistical package on Apricot Fle computer.
Analysis of variance (ANOVA) was used to compare differences between groups and paired #-test
for paired data. Analysis was done separately for males and females, Data are reported as
mean + SD.

duration fasting plasma

( zg:s) of diabetes glucose [-([;?'
¥ {years) (mg/dl)

males

controls {n = 51) 38.2 + 10.8 - 80 £ 14 66+ 1.0
(20-60)

FCPD (n = 35) 372 + 11.1° 56 £ 5.3 189 + 29% 10.1 £ 1.9*
(20-60)

IDDM (n = 37) 345+ 82 6.9 £ 6.5 196 + 34* 103 £ 2.1*
(20-52) :

NIDDM (n = 47) 411+ 62 46+ 46 160 + 26% 98 +1.2*
(26-50)

Sfemales

controls (n = 54) 34.0 £ 120 - 84 + 18 68 + 0.9
(20-58)

FCPD (n = 14) 352+ 81 68 £ 56 192 £ 24* 9.9 + 1.4*
(22-50)

IDDM (n = 18) 331 £ 106° 57+ 68 208 + 32% 10.6 + 1.9*
(20-50)

NIDDM (n = 57) 414+ 6.7 86 £55 176 £ 30* 9.6 + 1.6%
(26-50)

Tab. 1 - Biochemical parameters in the study groups. (*<0.001 vs controls; a: p<0.05 vs NIDDM;
b: p<<0.001 vs NIDDM).
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before diabetes after diabetes significance

FCPD males weight (kg) 63.8 + 12.7 558 + 114

(n =17) (BMI) 936+ 40 205+ 36 p<0.001
IDDM males weight (kg) 619+ 9.0 534 £ 64 — 0.001
(n = 18) (BMI) 220+ 30 189+ 204 p="
NIDDM males weight (kg) 65.6 + 11.4 60.7 £ 9.3 — 0.001
(n=17 (BMI) 242 + 31 224+ 28 p=r
NIDDM females weight (kg) 637+ 98 587+ 94 <0.001
(n=17) (BMI) 989 + 47 9266+ 4. P

Tab. 2 - Change in body weight and BMI after onset of diabetes. (Due to small numbers no analysis
was done for FCPD and IDDM females).

RESULTS

The mean age of the different groups of diabetic patients was similar to
that of the controls. The FCPD and IDDM patients were younger than the
NIDDM (p<0.05 and p<0.001, respectively). There were no differences in the
duration of diabetes or glycosylated hemoglobin values between the 3 diabetic
groups. Tab. 1 shows the biochemical parameters in the study groups.

Reliable body weight data prior to and after the onset of diabetes was
available in 17 FCPD males, 18 IDDM males, 17 NIDDM males and 17 NIDDM
females (tab. 2). It can be seen that significant weight loss occurred after the
onset of diabetes in all diabetic groups.

Table 3 shows the anthropometric data in the males. There were no signif-
icant differences in the anthropometric measurements between control and
NIDDM groups except for subscapular (NIDDM higher than controls,
p = 0.01) and fat mass (NIDDM higher than controls, p<0.05). In FCPD and
IDDM patients skinfold thickness, mid-arm circumference and fat mass were
significantly lower compared to NIDDM and control groups (p<0.001 for all
parameters). The ratio of subscapular/ triceps (STR) was not significantly dif-

skinfold thickness (mm}

body BMI STR mid-arm fat
weight  (kg/m®)  (riceps  biceps  subsca-  supra- circum- mass
(k) pular iliac ference

controls 651 £ 108 247+39 116+46 66+£24 167% 58 162+67 15+05 278126 221 £ 54
{n = 51)

FCPD* 524+ 112 198+34 73+3% 44%16 128162 82X48 1.8 £ 05 239+ 34 160+53
(n = 35)

IDDM* 515+ 74 187+2% 70+£22 41+10 113+50 78%43 16 +05 241122 154147
(n=37)

IDDM 657 4+ 108 244 +37 127+46 78+46 199169 154+71 17+06 27.1+35 #4561
(n = 47)

Tab. 3 - Anthropometric data in males. (STR = subscapular/triceps ratio; a: p<0.01 vs controls and
NIDDM; b: p<0.01 compared to controls; c: p<0.05 compared to controls; *p<<0.001 for all parameters compared to
controls and NIDDM.
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skinfold thickness {mm)

body BMI STR  mid-arm far
weight  (kg/m®) . (riceps  biceps  subsca-  supra- circum-  mass
(kg) pular iliac ference

controls 571 £ 111 249+ 46 180160 93+41 18060 17467 11£03 265 +32 308%62
(n=354)

FCPD* 4224102 187438 77435 48+19 114156 88155 14104 21937208 +55
(n = 14)

IDDM* 480+ 106 209+ 38 132465 66+31 154+63 120256 13105 243435 263 +72
(n = 18)

IDDM 592+ 108 2.4+44 171154 93+32 214+75 194+53 13307 275%29 332 + 3.8
(n =57

Tab. 4 - Anthropometric data in females. (STR = subscapular/triceps ratio; a: p = 0.007 vs IDDM; b:
$<0.05 vs IDDM; c: p<<0.001 vs controls; d: $<0.001 vs controls; e: p<<0.001 vs NIDDM; *1<0.001 for all parameters
compared to controls and NIDDM).

ferent between any of the 3 diabetic groups. Despite significantly lower sub-
scapular and triceps skinfold measurements, the STR was significantly higher
in FCPD compared to controls (p<0.01). There were no significant differences
between the FCPD and IDDM patients with respect to any of the parameters
studied.

Table 4 shows the data in females. The results were remarkably similar to
those seen in the males except for minor differences between FCPD and
IDDM in 2 parameters: triceps (FCPD us IDDM, p = 0.007) and mid-arm cir-
cumference (FCPD vs IDDM, p<0.05).

DISCUSSION

Anthropometric measurements are used to approximate and evaluate fat
stores and somatic protein®. They provide information on current body com-
position of fat, lean body mass or skeletal muscle for the purpose of assessing
nutrition®. In this study, anthropometric measurements were made on three
groups of diabetic patients seen in a tropical country, namely FCPD, IDDM
and NIDDM and compared with a group of healthy, non-diabetic control sub-
jects.

A significant finding observed in this study is the reduction in body weight
and BMI after the onset of diabetes in all three groups of diabetics. It is
known that uncontrolled diabetes can lead to weight loss consequent to
marked protein catabolism®. A recent study has reported negative nitrogen
balance in IDDM patients with poor metabolic control’. This underscores the
limitation of BMI which has been suggested as a diagnostic criterion for clas-
sification of malnutrition related diabetes mellitus’. It is of interest however
that the BMI of the FCPD and IDDM patients were significantly lower than
those of the control group and the NIDDM patients. This may be related to
the severity of diabetes in the FCPD and IDDM groups. We have shown in
earlier studies that while patients with IDDM have near total absence of B-cell
reserve, FCPD patients have some residual B-cell reserve’. However an addi-
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tional factor, namely exocrine pancreatic dysfunction with steatorrhea, may
contribute to weight loss in FCPD patients®.

The FCPD and IDDM patients (both male and female groups) had signif-
icantly lower skinfold measurements (triceps, biceps, subscapular and suprai-
liac), mid-arm circumference and fat mass compared to control subjects and
NIDDM patients. The fact that FCPD patients had higher subscapular/triceps
ratio (STR) compared to controls may indicate more wasting of the arms. Pos-
sible factors which are likely to affect skinfold measurements include age, sex,
the effects of exercise and muscularity. Age generally alters skin elasticity and
compressibility, thereby affecting the ability to measure skinfolds accurately.
Females generally have a higher percentage of body fat than males, and
hence skinfold measurements are considered to be better indicators of malnu-
trition in females than in males. It is thus of interest that while females had
significantly higher skinfold measurements compared to males among
NIDDM and IDDM groups, in the FCPD group females had similar values as
males. This suggests that FCPD females could have lower fat stores than other
diabetic groups.

Physical exercise and muscularity also affect skinfold measurements. Well
muscled individuals generally have lower skinfold measurements. This does
not necessarily indicate a compromise in fat stores, but rather an alteration in
the proportion and distribution of fat*. Combined skinfold and body weight
measurements therefore provide a better picture of nutritional status. The
finding that the IDDM and FCPD patients had lower skinfold measurements
as well as lower body weight suggests that there could be depletion of fat
stores in these two diabetic groups.

In summary, we have carried out anthropometric studies on different trop-
ical forms of diabetes seen at a diabetes center. The study shows that reduced
body mass and fat mass are a feature of not only FCPD patients but also IDDM
patients in developing countries.

SUMMARY

Anthropometric studies were carried out in three groups of diabetics seen in southern India,
namely fibrocalculous pancreatic diabetes (FCPD) (n = 49) (a subtype of malnutrition related
diabetes), insulin dependent diabetes mellitus (IDDM) (n = 55) and non-insulin dependent dia-
betes mellitus (NIDDM) (n = 104). Both FCPD and IDDM had significantly lower body mass
index, skinfold thickness (triceps, biceps, subscapular and suprailiac), mid-arm circumference
and fat mass compared to controls and NIDDM patients, (p<0.001 for all parameters). FCPD and
IDDM males did not show any significant differences in any of the anthropometric parameters
studied. Among the females, FCPD had lower triceps skinfold measurements (p = 0.007) and
mid-arm circumferences (p<0.05) compared to IDDM patients. Patients with NIDDM did not
show any significant difference compared to the control group. This study shows that both FCPD
and IDDM patients have lower body mass and fat mass compared to NIDDM patients and con-
trol subjects.
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