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The study aim was to measure body composition and fat distribution in premenopausal and postmenopausal women with 
insulin-dependent ([IDDM] n = 53) and non-insulin-dependent ([NIDDM] n = 32) diabetes mellitus by dual-energy x-ray 
absorptiometry. IDDM and NIDDM patients had similar, normal lean tissue mass (LTM) and 24-hour urinary excretion of 
creatinine. Total body and abdominal fat percentages were higher in the NIDDM group ( -40%)  than in the IDDM group ( -27%,  
P < .001) and were constant with age and menopausal status in both groups. In postmenopausal patients with IDDM, total 
body and abdominal fat values were less than in postmenopausal healthy women ( - 2 7 %  v -37%,  P < .001). In premeno- 
pausal patients with NIDDM, total body and abdominal fat were higher than in premenopausal healthy women (~42% v 
~25%, P < .001). In conclusion, women with IDDM or NIDDM have a normal LTM and probably a normal muscle mass. Total 
body and abdominal fat were higher for women with NIDDM than for those with IDDM. 
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M OST PATIENTS WITH non-insulin-dependent diabetes 
mellitus (NIDDM) are overweight, whereas those with 

insulin-dependent diabetes mellitus (IDDM) are generally more 
normal in weight. However, little is known about the body 
composition of diabetic patients. Some TM but not all 5-8 studies 
indicate that in uncontrolled diabetes the nitrogen balance is 
negative and lean body mass is low, but these seem to normalize 
when the diabetes is treated. 9,1° However, there are methodologi- 
cal drawbacks to most  of the previous studies: determination of 
total body 4°K or 24-hour urinary excretion of creatinine has 
been used in non-steady-state settings, and study samples 
involved selected or unspecified subpopulations of diabetic 
patients and unmatched controls. Dual-energy x-ray absorptiom- 
etry (DXA) is a relatively new, accurate, and precise method of 
measuring body composition, ie, lean (LTM) and fat (FTM) soft 
tissue mass, bone mineral, content, and fat distribution. 11-12 

Increased abdominal fat is associated with NIDDM and 
cardiovascular disease. 13 Reports on fat distribution in patients 
with IDDM are sparse, but show less abdominal fat than in 
patients with NIDDM. i4 Fat distribution has mostly been 
assessed by anthropometric measurements such as the skinfold 
thickness and waist to hip ratio. 

In healthy women, LTM decreases, FFM increases, and fat 
distribution becomes more abdominal with age and probably 
with menopause, 15qv whereas the variation with age and 
menopausal status in women with IDDM and NIDDM is 
unknown. 

The aim of the present study was thus to assess the variation 
with menopausal status in LTM, FTM, and fat distribution, as 
measured by DXA, and 24-hour urinary excretion of creatinine 
in women with IDDM and NIDDM. Furthermore, we compared 
these body composition parameters with those in control groups 
of healthy women matched for age and menopausal status. 
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SUBJECTS AND METHODS 

Female diabetic patients were recruited after examining the records 
of women attending the Steno Diabetes Center (Gentofte, Denmark) 
outpatient clinic during a 6-month period in 1993. The patients were 
sampled with the purpose of obtaining a representative subpopulation of 
relatively healthy premenopansal and postmenopausal women with 
IDDM and NIDDM and a wide age range. Exclusion criteria were a 
random blood glucose greater than 20 mmol/L, ketonuria, pregnancy, 
age less than 18 years, nephropathy (albuminuria >300 mg/d and serum 
creatinine >0.15 retool/L), hysterectomy, major diseases, surgery, and 
current medication other than antidiabetics with known effects on body 
composition, fat distribution, and bone other than those caused by 
diabetes. A questionnaire was sent to 215 potentially eligible patients 
with an invitation to participate in the study. Of these, 11 were excluded 
(use of diuretics [n = 2], current use of hormone replacement therapy 
In = 3], hysterectomy [n = 2], breast tumor [n = 1], artificial hip joint 
[n = 1], lower-leg amputation In = 1], and withdrawal of the diabetes 
diagnosis [n = 1]; 15 could not be contacted; 85 declined to participate; 
and 19 who had consented failed to keep the appointment. Hence, 85 
female diabetic patients consented to participate and completed the study. 

The study was performed in accordance with the Declaration of 
Helsinki II and with the approval of the ethical committee of Copenha- 
gen County. 

Methods 

With the women wearing light indoor clothing and no shoes, weight 
was measured to the nearest 0.1 kg and height to the nearest 0.5 cm. 
Waist and hip circumferences were measured to the nearest 0.5 cm at the 
smallest standing horizontal circumference below the ribs and at the 
largest standing horizontal circumference at the buttocks. 

Body composition, total and abdominal (from the first to the fourth 
lumbar intervertebral disk), was measured n,12 with a total-body DXA 
scanner (DPX, software version 3.6y; Lunar Radiation, Madision, WI). 
FTM, LTM, and bone mineral content were measured. FTM as 
measured by DXA does not consist solely of adipose tissue, but is the 
sum of the fatty elements of the soft tissue. Similarly, LTM is not an 
anatomical entity; it represents the sum of the chemical fat-free 
elements of soft tissue. 

Creatinine excretion was assessed on samples from 24-hour collec- 
tions of urine. The hemoglobin Alc (HbAlo) value was the last one 
registered on the patient record. 

Calculations and Statistical Analysis 

The ratio of abdominal to total body fat measured by DXA and the 
waist to hip ratio were calculated as indicators of fat distribution. 
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The diabetic patients were divided into premenopausal and postmeno- 
pausal IDDM and NIDDM groups. Postmenopausal status was defined 
as an elapsed time of more than 6 months since the last menstrual 
bleeding. Comparisons were made with values obtained by DXA 
(Lunar) in control groups matched for age and menopausal status. These 
control groups derive from a reference population of healthy Danish 
women. 16 

Comparisons between groups were made by Student's unpaired t test 
or by the nonparametric chi-square test. Pearson's or nonparametric 
Spearman's rank correlation coefficients were calculated. The signifi- 
cance and independence of predictive variables (age, menopausal status 
[pre/post; dummy code, 0/1], and years since menopause) were assessed 
by stepwise multiple linear regression analyses. The Statistical Analysis 
System (SAS Institute, Cary, NC) was used for all analyses. 

RESULTS 

Fifty-three subjects had IDDM: mean age, 49.9 years (range, 
24 to 80); duration of diabetes, 20.5 years (range, 0.6 to 58); 
HbAlo, 8.5% (range, 4.4% to l l .8%); and prevalence of 
retinopathy, 42%; microalbuminuria, 8%; macroangiopathy, 
9%; and neuropathy, 8%. Thirty-two subjects had NIDDM: age, 
56.8 years (range, 35 to 81); duration of diabetes, 5.6 years 
(range, 0.1 to 21); HbAlc, 9.0% (range, 5.5% to 13.7%); treated 
with insulin, 16%; metformin, 31%, sulfonylurea, 47%; and 
prevalence of retinopathy, 19%; microalbuminuria, 6%; mac- 
roangiopathy, 31%; and neuropathy, 22%. Of the eligible 
female diabetic patients who were not examined (nonre- 
sponders, n = 119), 75 had IDDM and 44 had NIDDM. 
Nonresponders with NIDDM were older (63.5 + 2.1 years) and 
had a higher prevalence of retinopathy (36%) (P < .05) than the 
NIDDM patients examined. Otherwise, no significant differ- 
ences were found for age, duration of diabetes, HbAlc, or 
prevalence of diabetic complications between the subjects who 
were examined and those not examined. 

Table 1 shows anthropometric variables for the groups 
divided according to menopausal status and IDDM and N1DDM. 
In the premenopausal and postmenopausal IDDM and NIDDM 

Table 1. Anthropometric Characteristics According to Menopausal 
Status in Female Diabetic Patients 

Characteristic IDDM NIDDM P 

Premenopausal 

No. of subjects 31 11 
Age (yr) 39.6 ± 1.3 44.1 -+ 1.9 NS 

Diabetes duration (yr) 15,3 ± 1.7 3.0 -+ 1.2 <.001 

Weight (kg) 66.4 ± 2.1 79.0 + 6.6 NS 

Height (cm) 167.8 ± 1.3 164.8 ± 1.9 NS 
BMI (kg/m 2) 23.5 ± 0.6 28.9 ± 2.2 <.05 

Waist to hip ratio 0.85 ± 0.03 0.92 ± 0.05 NS 

Postmenopausal 
No. of subjects 22 2t 

Age (yr) 64.5 ± 1.9 63.4 ± 1.7 NS 

Diabetes duration (yr) 27.8 + 3.6 7.0 ± 1.2 <.001 
Time since menopause (yr) 13.9 + 2.0 13.6 -+ 1.7 NS 

Weight (kg) 61.5 - 1.6 74.4 ± 3.4 <.01 

Height (cm) 164.5 ± 1.4 159.9 -+ 1.5 <.05 
BMI (kg/m 2) 22.7 --- 0.5 28.9 ± 1.1 <.001 

Waist to hip ratio 0.79 ± 0,028 0,90 -+ 0.022 <.01 

NOTE. Results are the mean + SEM. 

Table 2, 24-Hour Urinary Creatinine Excretion According to 
Menopausal Status in Female Diabetic Patients 

Parameter IDDM NIDDM P 

Premenopausal 

No. of subjects 31 11 

24-h creatinine (mmol/d) 11.1 ± 0.6 10.1 ± 0.9 NS 

% of expected for height* 118 ± 6§ 112 _+ 10 NS 

% of expected for weight# 109 ± 6 86 ± 8 <.05 

Postmenopausal 

No. of subjects 22 21 

24-h creatinine (mmol/d) 8.9 - 0.511 10.7 + 0.9 NS 

% of expected for height* 120 ± 75 144 _+ 12§ NS 

% of expected fo rwe igh t t  114 ± 6 111 +_ 10 NS 

NOTE. Results are the mean _+ SEM. 

*Expected 24-h urinary excretion of creatinine in normal adult 

women with similar height, with ideal body weight, and within the 

same age decade, TM or t in normal adult women with similar age and 

weight~8: creatinine excretion (mmol/d) = [ ( 2 1 . 9 - 0 . 1 1 5 . a g e ) .  

weight]/113, 

$ P <  .05, §P<  .01: vexpected value (100%). 

l iP< .01, premenopausal vpostmenopausal. 

patients, there were no significant differences in age or years 
since menopause. However, patients with NIDDM had a shorter 
duration of known diabetes, a higher body mass index (BMI), 
and a higher waist to hip ratio (only the postmenopausal 
patients) than those with IDDM. 

LTM was similar in the two diabetic groups, and was not 
significantly different from the LTM in tlae control group (Figs 1 
and 2). Similarly, 24-hour urinary excretion of creatinine was 
not different in the two diabetic groups, either premenopausal or 
postmenopausal (Table 2). However, after correction for age 
and weight, it was lower in premenopausal women with 
NIDDM than in those with IDDM. When adjusted for age and 
height, 24-hour excretion of creatinine was higher than ex- 
pected in patients with IDDM, but when adjusted for age and 
weight, it was not different from the expected value in either of 
the diabetic groups (Table 2). 

In women with IDDM, LTM (44.5 v 41.4 kg, P < .05; Fig 1) 
and creatinine excretion (Table 2) were significantly lower in 
postmenopausal patients, and both were negatively correlated 
with age and years since menopause (r = .3 to .4, P < .05) but 
not with diabetes duration or HbAao. In a stepwise multiple 
linear regression analysis with age, years since menopause, and 
menopausal status as independent variables, only menopausal 
status was associated with LTM (P < .05) and only age was 
associated with creatinine excretion (P < .01). FTM was signifi- 
cantly higher in patients with NIDDM than in those with 
IDDM, both premenopausally and postmenopausally (Figs 1 
and 2), and in premenopausal patients, it was significantly 
higher than in the control groups matched for age and meno- 
pausal status. When FTM in the IDDM groups was compared 
with FTM in the control groups, it was found to be similar in 
premenopausal women and lower in postmenopansal women. 
The same pattern was seen for total body fat percent (Fig 2), 
abdominal fat percent, and the ratio of abdominal to total body 
FTM (Figs 1 and 2). In a multiple regression with abdominal 
FTM or the ratio of abdominal to total body FTM as dependent 
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variables and total body FTM and type of diabetes (IDDM, 0; 
NIDDM, 1) as independent variables, both the total body FTM 
and type of diabetes were positively associated with the 
abdominal FTM or ratio of abdominal to total body PTM 
(P < .001). 

In neither the IDDM nor the NIDDM group were FTM or fat 
distribution parameters associated with menopausal status (Fig 
1), age, years since menopause, duration of diabetes, HbAlo or 
blood glucose (P > .05). 

DISCUSSION 

Poor control of glycemia may be associated with protein 
catabolism and low lean body mass in uncontrolled diabetes.~-4 
However, we were unable to find an association between the 
duration of diabetes or recent glycemic control and any of the 
body composition and fat distribution parameters in either the 
IDDM or NIDDM group, consistent with other studies. 5-8 

Little, if anything, is known about the effect of menopause on 

Fig 1. Body composition and 
fat distribution measured by DXA 
in premenopausal and post- 
menopausal women with (©) 
IDDM and (0 )  NIDDM (mean _+ 
SEM). Horizontal lines and gray 
areas indicate the mean -+ 2 SD 
for control groups of healthy 
women matched for age and 
menopausal status. TM * * * P  < 
.001, * * P  < .01: IDDM v NIDDM. 
c: P < .05, premenopausal vpost- 
menopausal IDDM. NS, P > .05. 

body composition and fat distribution in women with IDDM 
and NIDDM. The present study comprises a relatively healthy 
sample of women with IDDM and NIDDM with a wide age 
range divided into subgroups of premenopansal and postmeno- 
pausal IDDM and NIDDM patients matched for age and years 
since menopause. Furthermore, body composition parameters 
were compared with those of healthy controls matched for age 
and menopausal status. 

We found that LTM was similar in IDDM, NIDDM, and the 
control groups. Furthermore, in the IDDM group, postmeno- 
pausal women had a lower LTM than premenopausal women, as 
is the case in healthy women)  5-17 LTM as measured by DXA is 
not an anatomical entity, but consists of the chemical fat-free 
soft tissue of organs, muscles, body fluids, and connective 
tissue. The 24-hour urinary excretion of creatinine, which can 
be used as an estimate of muscle mass during the steady state 
and with an ordinary diet, 19 was similar in patients with IDDM 
and NIDDM. In healthy women, ereatinine excretion decreases 
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with age. 18,19 This evidence of a normal muscle mass and a 
decrease with menopause was also found for women with 
IDDM but not for those with NIDDM in the present study. 
When creatinine excretion was adjusted for age and weight or 
age and height in the two diabetic groups, it was generally 
similar to or higher than the value expected for healthy women. 
The reference values we used are from the United States, 18 but 
they have been found valid for Danes, as well. 8 Thus, in general, 
it seems that LTM and muscle mass in healthy women and 
women with IDDM and NIDDM are similar irrespective of 
menopausal status, and that, except in more acute, uncontrolled 
or untreated diabetes, women with IDDM or NIDDM do not 
have increased protein catabolism with low LTM or muscle 
mass as the outcome. 

Compston et al 5 have previously shown in postmenopausal 
women with IDDM that FTM (and LTM) as measured by DXA 
was not different from that of controls matched for age and 
weight. However, when matching control subjects with IDDM 
patients according to weight, the controls may not be represen- 
tative of healthy subjects in general. In the present study, we 
found that total body fat and abdominal fat in women with 
1DDM were constant with age and menopause. This is in 

contrast to normal women, in whom total body and abdominal 
fat increase with age and menopause, 16 probably because of a 
deficiency in endogenous estrogen or decreased physical activ- 
ity. 15-17,2° Total body fat and abdominal fat in premenopausal 
women with IDDM were thus similar to the levels in healthy 
women, but were significantly less in postmenopansal women 
with IDDM. The leanness of postmen0pausal IDDM patients is 
thus due to low total body and abdominal fat but normal LTM. 
Whether a lean body composition constitutes a potential health 
risk or benefit is uncertain, but it is probably more healthy than 
if the LTM had been decreased. 

One report found that the waist to hip or thigh ratio was 
significantly lower in women with IDDM as compared with 
NIDDMJ 4 which is consistent with our finding that the ratio of 
abdominal to total body fat was smaller in patients with IDDM 
than in patients with N1DDM, even after adjustment for 
differences in total body FTM. 

NIDDM patients are generally overweight or obese, and we 
found that the FTM was higher in NIDDM versus IDDM 
irrespective of menopausal status. As in IDDM patients, FTM 
was constant with age in subjects with NIDDM unlike in 
healthy women. Therefore, FTM in patients with NIDDM was 
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higher than normal only in the premenopausal women. This 
could be interpreted as follows. Genetic susceptibility may 
result in NIDDM if the subject is overweight or obese. Young 
healthy Danish women have a relatively low frequency of 
obesity and NIDDM. With age and menopause, the frequency 
of overweight and obesity increases (up to 50% with BMI > 25 
kg/m2), and consequently, the frequency of NIDDM also 
increases. Thus, in postmenopausal women, the difference in 
FTM for women with NIDDM and age-matched healthy 
women diminishes. 

Besides being overweight or obese, patients with NIDDM 
may have a greater degree of abdominal fat distribution. Fat 
distribution has mostly been assessed by the waist to hip ratio, 
but NIDDM patients may also have relatively more visceral 
than subcutaneous adipose tissue, as measured by computed 
tomographic or magnetic resonance imaging scanning. 13,zl We 

found that, as with FTM, fat distribution in these patients was 
constant with age and menopause, which contrasts with the 
FTM in healthy women, in whom it becomes more abdominal 
after the menopause. Thus, fat distribution was significantly 

more abdominal in premenopausal women, but in postmeno- 

pausal women it was similar to that of healthy women. The 
interpretation for this is analogous to that for total body fat as 

already described. 

In conclusion, no differences were found for LTM or 24-hour 

urinary creatinine excretion in IDDM, NIDDM, and healthy 
women irrespective of age or menopausal status. In the IDDM 

group, LTM and 24-hour creatinine excretion were lower in 

postmenopausal than in premenopausal women. Patients with 
IDDM had significantly less total body and abdominal fat than 

those with NIDDM irrespective of age and menopausal status. 

In postmenopausal patients with IDDM, total body fat and 

abdominal fat were less than normal, whereas these were higher 

than normal in premenopausal patients with NIDDM. 

ACKNOWLEDGMENT 

The authors thank Claus Christiansen, MD, of the Center for Clinical 
and Basic Research, and Hans-Hem-ik Parving, MD, of the Steno 
Diabetes Center, for valuable help and inspiring discussions. 

REFERENCES 

1. Nalr KS, Garrow JS, Ford C, et al: Effect of poor diabetic control 
and obesity on whole body protein metabolism in man. Diabetologia 
25:400-403, 1983 

2. Huszar G, Koivisto, Davis E, et al: Urinary 3-methylhistidine 
excretion in juvenile-onset diabetics: Evidence of increased protein 
catabolism in the absence of ketoacidosis. Metabolism 31:188-192, 
1982 

3. Marchesini G, Forlani G, Zoli M, et al: Muscle protein breakdown 
in uncontrolled diabetes as assessed by urinary 3-methylhistidine 
excretion. Diabetologia 23:456-458, 1982 

4. Teller N: Exchangeable potassium in diabetics. Metabolism 
6:502-509, 1966 

5. Compston JE, Smith EM, Matthews C, et al: Whole body 
composition and regional bone mass in women with insulin-dependent 
diabetes mellitus. Clin Endocrinol (Oxf) 41:289-293, 1994 

6. Goodship THJ, Butler PC, Rodham D, et al: Total-body potassium 
in insulin dependent diabetes mellitus. Clin Sci 78:377-381, 1990 

7. Gregory JW, Wilson AC, Greene SA: Body fat and overweight 
among children and adolescents with diabetes mellitus. Diabetes Med 
9:344-348, 1992 

8. Rosenfalck AM, Snorgaard O, Almdal T, et al: Creatinine height 
index and lean body mass in adult patients with insulin-dependent 
diabetes mellitus followed for 7 years from onset. J Parenter Enteral 
Nutr 18:50-54, 1994 

9. Walsh CH, Soler NG, James H, et al: Studies in whole body 
potassium and whole body nitrogen in newly diagnosed diabetics. Q J 
M 178:295-301, 1976 

10. Walsh CH, Soler NG, James H, et al: Studies on whole-body 
potassium in non-ketoacidotic diabetics before and after treatment. 
BMJ 4:738-740, 1974 

11. Svendsen OL, Haarbo J, Hassager C, et al: Accuracy of 

measurements of body composition by dual energy x-ray absorptiom- 
etry in vivo. Am J Clin Nutr 57:605-608, 1993 

12. Svendsen OL, Hassager C, Bergmann I, et al: Measurement of 
abdominal and intra-abdominal fat in postmenopausal women by dual 
energy x-ray absorptiometry and anthropometry: Comparison with 
computed tomography. Int J Obes 17:45-51, 1992 

13. Kissebah AH, Peiris AN: Biology of regional body fat distribu- 
tion: Relationship to non-insulin-dependent diabetes mellitus. Diabetes 
Metab Rev 2:83-109, 1989 

14. Lev-Ran A, Hill LR: Different body-fat distributions in IDDM 
and NIDDM. Diabetes Care 10:491-494, 1987 

15. Ley CJ, Lees B, Stevenson J: Sex- and menopause-associated 
changes in body-fat distribution. Am J Clin Nutr 55:950-954, 1992 

16. Svendsen OL, Hassager C, Christiansen C: Age- and menopause- 
associated variations in body composition and fat distribution in healthy 
women as measured by dual energy x-ray absorptiometry. Metabolism 
44:369-373, 1995 

17. Poehlman ET, Toth MJ, Gardner AW: Changes in energy balance 
and body composition at menopause: A controlled longitudinal study. 
Ann Intern Med 123:673-675, 1995 

18. Walser M: Creatinine excretion as a measure of protein nutrition 
in adults of varying age. J Parenter Enteral Nutr 11:73S-78S, 1987 (suppl) 

19. Heymsfield SB, Arteage C, McManus C, et al: Measurement of 
muscle mass in humans: Validity of the 24 hour urinary creatinine 
method. Am J Clin Nutr 37:478-479, 1983 

20. Haarbo J, Marslew U, Gotfredsen A, et al: Postmenopausal 
hormone replacement therapy prevents central distribution of body fat 
after menopause. Metabolism 12:1323-1326, 1991 

21. Gray DS, Fujioka K, Colletti PM, et al: Magnetic-resonance 
imaging used for determining fat distribution in obesity and diabetes. 
Am J Clin Nutr 54:623-627, 1991 


