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Nutritional status and energy expenditure in elderly patients with recent
hip fracture during a 2-month follow-up
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A 2-month follow-up of nutritional status was performed in forty elderly patients with recent hip
fracture. Patients were nutritionally assessed on admission to our rehabilitation unit (day 0), then
monthly (day 30, day 60) by measurement of resting energy expenditure (REE), anthropometric,
impedance and biological variables. Patients were defined as undernourist®dd¢ normally
nourished f 27) on the basis of mid-arm circumference (MAC) and triceps skinfold thickness
(TST) measurements. Seven patients recovered a walking autonomy and were discharged from
the hospital before day 30 (group I) whereas thirteen patients were discharged after day 30 (group
I1); twenty patients remained in the study at day 60 (group IllI). MAC and TST decreased in
normally nourished patients from group Ill throughout the study whereas they did not change in
group Il or in undernourished patients from group Ill. REE values in relation to fat-free mass
were increased compared with normal values and were similar in the three groups on day 0; they
did not change during the study. Daily energy intake in relation to body weight was higher in
group | and increased in group Il and in undernourished patients from group Il throughout the
study. In contrast, it was below the recommended value at day 0 and it did not significantly
improve in normally nourished patients from group lll. Serum albumin, transthyretin and trans-
ferrin levels on day O were below reference intervals in the three groups. Albumin levels
increased in group Ill throughout the study. Inflammatory proteins decreased in groups Il and I,
with C-reactive protein levels returning to normal values in group Il by day 30 and in group Ill at
day 60, while orosomucoid levels did not become completely normal over this period. Our findings
indicate no improvement in nutritional status in undernourished patients after surgery for recent hip
fracture, despite an adequate energy intake. An insufficient spontaneous energy intake for normally
nourished patients was associated with a delayed favourable outcome resulting in a prolonged
duration of hospitalization. A hypermetabolic state persisted during the 3 months after surgery.
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Energy intake: Elderly: Hip fracture: Nutritional status

Hip fracture in elderly people is of major concern in public recovery from surgery. In response to surgical stress, the
health. It is associated with a high mortality rate and patients have an inflammatory reaction: production of cata-
prolonged disability, and requires long-term medical care bolic cytokines leads to increased energy expenditure,
(Barrett-Connor, 1995). Malnutrition is often seen in the synthesis of acute-phase proteins and decreased food
elderly and appears to be an important determinant of bothintake (Pomposelliet al. 1988). A long-lasting catabolic
incidence and complications of hip fracture in subjects with state may result in alteration in body composition, with
osteoporosis. Up to 58 % of patients with acute fractured severe muscle wasting. Thus, the imbalance between energy
proximal femur are found to be undernourished at admission intake and energy expenditure may induce or exacerbate
(Jenseret al.1982; Pattersoat al. 1992). Protein deficiency  nutritional deficiencies, which are associated with decline in
may contribute to the incidence of hip fracture by reducing functional independence, and increased risk of postopera-
muscle strength, diminishing the protective layer of soft tive complications and mortality (Delmét al. 1990; Bur-
tissue padding and accelerating the loss of bone mineralnesset al. 1996). These facts argue in favour of accurate
density at the proximal femur (Vellast al. 1992; Bonjour evaluation of energy requirements and follow-up of the
et al. 1996). Protein malnutrition may also occur during nutritional status in elderly patients with hip fracture. The

Abbreviations: CRP, C-reactive protein; MAC, mid-arm circumference; REE, resting energy expenditure; TST, triceps skinfold thickness; TT3, total
triiodothyronine.
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present study was carried out in order to follow the nutri- (TST) were as established according to #mehropometric
tional status in terms of anthropometric and impedance Standardization Manua{Lohmanet al. 1988). TST was
measures over a 2-month period in forty elderly patients measured to the nearest mm using a Harpenden Caliper, and
with recent hip fracture. The adequacy of spontaneous foodthe average of three consecutive measurements was calcu-
intake to meet energy requirement, as measured by indirectlated. The patients were considered to be undernourished
calorimetry, was examined. Biological variables relating to when MAC was<<23cm and TST<10 mm in women and

the nutritional and inflammatory status, and to the regulation <6 mm in men (Table 1) (Ferrgt al. 1996).

of energy expenditure were measured.

Bioelectrical impedance analysis

Methods Bioelectrical impedance was measured after an overnight
Patients fast using an Analycor impedance analyser (Laboratoire

Forty patients (five males and thirty-five females) aged Eugedia-Spengler, Cachan, France). Standard procedures

between 70 and 91 years (mean agé84e 19) years) were followed with the subject lying supine on a flat surface

; ; T ith the legs not touching at the thighs and the arms not
entered this study. These patients were hospitalized betwee Ith t ; ;
December 1996 and April 1998, for rehabilitation on rilc\;uchlng the torso. Body impedance was measured with the

average 2B d after surgery due to a hip fracture. Dementia, Zﬁ??hﬂegéfgésgggn g ddeos,rst?(lat?/\ljé?r?etﬁgﬂ:tlgrgoér?gdmhe%r;gf
malignant tumour, uncontrolled heart or renal failure, thyr-

oidal disease, and uncontrolled sepsis precluded participa—ma”eO“ of the ankle and between the distal prominences of

e ; . the radius and ulna. Sentry electrodes (Sentry Medical
tion in the study. All patients were informed of the purpose :
of the study and gave their consent. Products Irvine, CA, USA) were used. The electrodes

Patients underwent rehabilitation on 5 d/week. The exer- Vere then connected to the analyser and the resistance and
cise sessions included an initially passive, then active rletz)a(l)clt(i'nce to thelnjectlog oéadcurrent ofE_;Q@atS, 50 ar(1jc_j d
movement of the affected leg for 10 min, active working 1z were measured. Body composition was predicte
of the quadriceps for 10 min, a walking activity with and by resistance measured respectively at 5, 100 and 50 kHz
later without assistance for 3:0 min. The main criterion for o9 Analycor software (Laboratoire Eugedia-Spengler)

. . . _ based on regression equations given by the manufacturer.
ngsﬁpclit:rllc?;scharge was the recovery of a walking self Equations were derived from healthy subjects and incorpo-

rated weight and height in the calculation.
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Study design _ _
. . . ) Assessment of resting energy expenditure
Patients were nutritionally assessed on admission to our unit

(day 0), then monthly (day 30, day 60) by measurement of REE was calculated from gaseous exchange measurements
resting energy expenditure (REE), anthropometric variables Using indirect calorimetry (Datex, Engstrom, Finland). Fol-
and impedance values. A blood sample was collected afterlowing an overnight fast, subjects were placed under a
an overnight fast on the same day as the nutritional assessventilated plexiglass hood and measurementsaf@sump-
ment, for determination of serum proteins and thyroid tionand CQ production were taken every minute for a total of
hormones. Seven patients were discharged from hospital30 min after a 5min period of acclimatization. All subjects
before day 30 (group 1) whereas thirteen patients were remained in bed in a quiet area of the ward throughout the
discharged after day 30 (group I1); twenty patients remained Study period. Measured REE was derived from the equation of
in the study at day 60 (group Ill) (Table 1). In addition, de Weir (1949). Monthly calibration to check the flow rate and
impedance analysis was performed in only twenty-nine RQ was carried out by using an alcohol burning kit; variation

patients on day 30 and REE was measured in only fifteen between calibrations was:2%. The measured REE was
patients on day 60. compared with the predicted REE according to the equations

of Harris & Benedict (1919).

Anthropometric measurements

Body weight, height estimated from tibia length (Chumlea Dietary intake

et al. 1985), and BMI (weight/heigli} were recorded. Mid-  The patients received the usual diet given in French
arm circumference (MAC) and triceps skinfold thickness hospitals, supplying on average 146—167 kJ/kg per d with

Table 1. Characteristics of the patient population

Age (years)

Duration of participation Normally

in the study Mean SEM M/F Undernourished nourished
Group 1 (n7) <1 month 843 36 2/5 2 5
Group Il (n 13) 1 month 8108 10 1/12 3 10
Group Il (n 20) 2 months 8614 (0]1¢) 2/18 8 12

M, males; F, females.
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Table 2. Anthropometric variables and impedance values in three groups of elderly patients* who had undergone surgery for hip fracture
(Mean values with their standard errors)

Weight (kg) BMI (kg/m?) FFM (kg) BCM (kg) FM (kg) TST (mm) MAC (cm)

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Group I (n7)
Day 0 528 608 210 2 3409 3B 220 23 179 36 1109 20 251 23
Group Il (n13)
Day 0 528 20 2108 12 336 14 21 1 193 18 123 10 241 12
Day 30 5214 30 214 1 3301 12 216 1 193 24 1109 20 240 13
Group Il (n 20)
Day 0 508 31 2212 1 3209 15 208 iz 1801 20 110 14 241 0@
Day 30 4801 238 210 10 316 13 194 10 1614 20 94 12 2308 0B
Day 60 501 30 216 1 3209 14 204 1 172 20 T 1 2309 0B

FFM, fat-free mass; BCM, body cell mass; FM, fat mass; TST, triceps skinfold thickness; MAC, mid-arm circumference.
*For details of groups, see Table 1.

proportions of carbohydrate, lipid and protein respectively 3—4 % for proteins and 4—7 % for thyroid hormones. The
of 55, 30 and 15% energy. The diet was conventional, inter-assay CV were respectively 4—6 % and 6—9 %.
nutrients and fluids were given orally. The energy
and protein intakes were recorded by a dietitian immedi-
ately after each meal. The composition of the diet was
determined from tables (Ostrowski, 1978). Data are given asThe results are expressed as means with their standard
the means of five consecutive 24 h intakes at each timeerrors. Biological data and some of the anthropometric
point. variables were interpreted in the light of reference values
previously established in our laboratory for healthy elderly
people (Calset al. 1994). Two groups of patients were
compared using the unpairédest or they?” test, as appro-
Serum transthyretin, transferrin, C-reactive protein (CRP) priate. The one-way ANOVA with repeated measures was
and orosomucoid concentrations were analysed immuno-used for group Ill to study changes in a variable over time.
turbidimetrically on a Synchron CX5 analyser (Beckman- The paired Studentistest or the Wilcoxon test was used for
Coulter, Roissy, France). Serum albumin concentration wascomparison of data at day 0 and day 30 as appropriate.
measured by means of the bromocresol green method withCorrelations between two variables were calculated with
the Synchron CX5 analyser. The thyroid hormones total least squares regression analysis. A 5% significance level
triiodothyronine (TT3), free thyroxine and thyroid- was used in all comparisons.

stimulating hormone were analysed by means of a
chemiluminescent assay on a Magic-lite 2 analyser
(Chiron-Diagnostics, Cergy Pontoise, France). For each
patient, the blood samples collected on days 0, 30 andIn our study population, thirteen patients, all women, were
60 were assayed in the same run. The intra-assay CV werefound to be undernourished (BMI I7(sE 07) kg/m?; MAC

Statistical analysis

Biological measurements

Results

Table 3. Values for resting energy expenditure (REE) and energy intake (El) in three groups of elderly subjectst who had undergone surgery for
hip fracture

(Mean values with their standard errors)

(REE -HB) x REE/FFM
REE (MJ/d) 100/HB (%) El (MJ/d) El (kJ/kg per d) EI/REE (kJ/kg per d)
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Group | (n7)
Day 0 49 0 49 16 78 oR 161 25 17 oR 133 5
Group Il (n13)
Day 0 49 oz 8o 32 70 ol 134 8 1 o 147 5
Day 30 409 03 89 32 7B* 0B 145* 17 16 o 145 6
Group Il (n 20)
Day 0 a0 oz 90 26 50 (o]} 123 10 13 o 144 1
Day 30 438 oz 512 203 6[8* (o]} 154* 11 16 o 141 4
Day 60 46 oz 73 22 721t (0]} 1591+ 10 16t oa 141 4

HB, REE measured by the equation of Harris & Benedict (1919); FFM, fat-free mass.

Mean values were significantly different from those for day 0: *P < 005 (paired Student’s t test).

Mean values within group 11l differed significantly over time: + P<002, tT P< 001 (repeated measures ANOVA).
F For details of groups, see Table 1.
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198 (SE O7) cm; TST 3B (SE 08) mm) while twenty-seven
patients, including five men and twenty-two women, were
normally nourished (BMI 28 (s 07) kg/m? MAC 2700

(SE 0B) cm; TST 148 (SE 1[M) mm). BMI and MAC values
observed in the latter were very close to those described for
healthy, free-living elderly subjects (Cads$ al. 1994). The
undernourished patients had a shorter delay between surgery
and entry to the study (I8 (S 1[3) v. 234 (SE 112) d; P=
0033). There was an apparent, although not significant,
higher risk of complications: 46 % for the undernourisked
22% for the normally nourished. Complications in the
former patients were urinary tract infectionZ), pressure
sore, acute bronchitis, depressive syndrome and acute car-
diac arrhythmia while those in the latter were urinary tract
infection (02), pressure sore, acute diarrhoea and bacter-
aemia. Among the normally nourished patients, five
achieved a good clinical outcome and walking autonomy
before day 30 while ten other patients could also be
discharged from the hospital after day 30; therefore only
44% completed the trial (Table 1). On the other hand,
among the undernourished patients, two dropped out
before day 30 while eight patients (62 %) still remained in
the study at day 60 (Table 1).

Three groups of patients were defined according to
duration of hospitalization. Group h(7) was composed
of patients who were discharged before day 30, group Il
(n 13) included patients who were discharged after day 30
but before day 60. Patients who completed the trial were in
group Il (n 20). The three groups did not differ in terms of
proportion of malnourished patients, sex distribution and
age.

Anthropometric and impedance values were in the same
range in the three groups of patients (Table 2). No signifi-
cant change could be observed for any variable over the
study period, except for MAC and TST which decreased in
normally nourished patients from group Il (see Table 5).

The Harris & Benedict (1919) equations underestimated
the measured REE by less than 10 % (Table 3). On entry into
the study, REE values were similar in the three groups; they
were higher than those previously observed in nonsurgical
elderly patients (Campillet al. 1992). The REE remained
stable in groups Il and Il throughout the study (Table 3).
Daily food intake at day 0 was higher in patient group | than
in group Il (P=0[0043). A significant increase in energy
intake was observed in groups Il and lll over the study
period and was confirmed by similar changes in energy
intake related to body weight or to REE (Table 3). However,
when taking into account the nutritional status of the
patients in group I, the increase in energy intake remained
significant only in undernourished patients (see Table 5).

Biological data are presented in Table 4. Mean albumin
and transferrin levels on day 0 in all groups were below the
reference values defined for healthy elderly people (respec-
tively 36-45¢g/l and 20-380g/l; Cals et al, 1994),
whereas transthyretin levels were at the lower limit of the
reference range (09-035g/l). However, mean albumin
level on day 0 was higher in group Il than in group IR#£
00178). It increased in the latter throughout the study
(Table 4), more particularly in the normally nourished
patients with return to levels within the reference interval
by day 30 P=0[0025; Table 5). Transthyretin and

SEM
024
037
030
oa1
oa4
024

TSH (mIU/)

Mean
0@2
121
121
103
123
134t

SEM
0034
oas
oaz
009
009
009

TT3 (nmol/l)

Mean
182
168
164
137
1B86*
1B7t

37
10
10
11
10
10

SEM
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FT4 (pmol/l)

Mean
218
177
16
1807
170
173

SEM
0o
oa1
oa1
oa1
008
008

Orosomucoid (g/l)

Mean
137
138
116+
156
127+%
1a8tt

SEM
11
5

2

8

8

2

CRP (mg/l)

Mean
25
15

6%
25
14

6

oas
014
oa1
008
oa1
02

(Mean values with their standard errors)
SEM

Transferrin (g/l)

Mean
102
2[00
1096
170
17
187

SEM
002
001
001
002
001
002

Mean
0220
021
oz3
021
oR1

Table 4. Plasma variables in three groups of elderly subjects§ who had undergone surgery for hip fracture
023

Transthyretin (g/l)

SEM
18
10
09
0B
12
13

Albumin (g/l)

Mean
3501
3507
368
320
3401
350t

Day 0

Day 30
Group Il (n 20)

Day 0

Day 30

Day 60

Day 0
Group Il (n13)

Mean values for group Il differed significantly over time: T P <005, 1t P<0[01 (repeated measures ANOVA).

Mean values were significantly different from those for day 0: + P<0[05, 1 P <001 (Wilcoxon test).

CRP, C-reactive protein; FT4, free thyroxine; TT3, total triiodothyronine; TSH, thyroid-stimulating hormone.
§ For details of groups, see Table 1.

Mean value was significantly different from that for day 0: *P < 005 (paired t test).

Group |1 (n7)
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SEM
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02
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TT3 (nmol/l)

Mean
131
141
140
167
145

SEM

o2
oav
016
008
oas
008

Orosomucoid (g/l)

Mean
185
117
144
1035
131

SEM
11
10
19
2

CRP (mg/l)

Mean
21
27
26
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transferrin levels did not change significantly for the
duration of the study.

CRP and orosomucoid levels on day 0 were above the
reference range (CR26 mg/l; orosomucoid B0—-116 g/l) in
all groups (Table 4). Orosomucoid decreased throughout the
study in patients from groups Il and Ill (Table 4), particularly
in normally nourished patients (Table 5). CRP levels fell
gradually to normal values by the end of the first month of the
study in group Il and in normally nourished patients from
group lll (Tables 4 and 5). Changes in these two inflammatory
proteins between day 0 and day 30 were highly correlated one
with another { 0750, P < 00001).

Free thyroxine and thyroid-stimulating hormone levels
were within the normal range on entry into the study
(respectively 1@—-230 pmol/l and @5-500 mlU/l) and
did not differ among the three groups (Table 4). In contrast,
the mean TT3 level was below the limit of the normal range

1B85*

1[09**

~0 (130—-300 nmol/l) in patient group IIl. Thyroid-stimulating

SEM
0B
0M
22
12
28
13

Albumin (g/l)

Mean
330
323
340
3401
3409

SEM
14
21
16
18
6
13

El (kJ/kg per d)

Mean
147
112
174
134
184*
137

SEM
0B
oz
oz
oz
04
03B

(Mean values with their standard errors)
El (MJ/d)

Mean
56
60
68
609
72*
71

0B
1a
oz
10
0B
10

admission (day 0) and at days 30 and 60 after surgery for hip fracture
SEM

MAC (cm)

Mean
208
266
206
2507
214

SEM
10
10
0B
12
(0]1¢)
13

TST (mm)

50
1409

53
1207

603
11B*

Mean

Normally nourished (n 12)

Day 30
Normally nourished (n 12)

Undernourished (n 8)
Day 60

Undernourished (n 8)
Undernourished (n 8)

Table 5. Triceps skinfold thickness (TST), mid-arm circumference (MAC), energy intake (El) and metabolic variables according to nutritional status in a group of elderly subjects (n 20)t on

Day 0

hormone and TT3 levels increased in this group throughout
the study (Table 4). However, TT3 still remained below the
normal limits in undernourished patients while it returned to
values within the normal range in normally nourished
patients (Table 5). In addition, a negative correlation was
observed in the whole population between changes in
TT3 and those in orosomucoid £ 0579, P=00004) and
CRP ¢ —0622,P=0[0004).

3605**

Discussion

In our present study, 87 % of the patients enrolled were
women; this reflects the higher incidence of hip fracture in
this population (Barrett-Connor, 1995). Of the patients 33 %
were found to be undernourished 20 d after hip-fracture
surgery. This rate of malnutrition is slightly lower than that
reported in the literature (58 %) (Jensetral. 1982; Patter-
son et al 1992). Our exclusion criteria, e.g. uncontrolled
acute disease, may have caused the rate of malnutrition
recorded in our patients to be slightly less than that com-
monly encountered in this type of patient. It should be noted
that among those patients who did not enter the study, five
died a few days after admission to our department.

Values for REE in relation to fat-free mass were compar-
able in the three groups of patients. These values were close
to those which we had measured previously in elderly
patients, 1-6 months after surgery (I1sE 48) kJ/kg
per d). However, REE/fat-free mass values from our
patients were dramatically higher than those reported for
nonsurgical elderly patients in a stable clinical condition
(1250 (sE 50) kJ/kg per d; Campillet al. 1992) as well as
for healthy elderly subjects (1&¥kJ/kg per d; Vaughan
et al. 1991; Robertset al. 1992; Poehlman, 1996; Reilly
et al. 1996). These results suggest that our patient popula-
tion remained in an increased metabolic state throughout the
study and are concordant with results of other studies
showing significant effects of trauma and surgery on REE
(Pattersoret al. 1992; Nelsoret al. 1995). Nevertheless, the
existence of hypermetabolism in our patients was not
confirmed by predicted REE values according to the equa-
tions of Harris & Benedict (1919), which were only about
10 % lower than the measured ones. A similar discordance
was observed by Jallet al. (1990) in elderly patients with

2503*

Normally nourished (n 12)

Mean values within the group differed significantly over time: *P < 0[05, **P < 001 (repeated measures ANOVA).

CRP, C-reactive protein; TT3, total triiodothyronine.
1 Group lIl (Table 1).
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hip fracture, 3d after the surgical operation, although REE thyroxine to triiodothyronine. These modifications in thyr-
values were significantly higher than those measured 5-6doid hormone metabolism may represent an adaptive
later. Overall, these findings suggest that Harris & Benedict's mechanism aimed at reducing metabolic demands due to
(1919) equations cannot be applied to elderly patients with stress.
multiple diseases. In conclusion, the present study showed no improvement
The oral diet given to our patients provide@@8MJ/d in nutritional status in recently hip-fractured elderly patients
(2000 kcal/d); however on entry into the study, only 75% who needed a 3-month rehabilitation period. This may have
was really ingested. Energy intake in relation to body weight resulted from a hypermetabolic state promoted by a residual
appeared to be adequate for patients from groups | andinflammatory syndrome. It should be noted that nutrient
Il who achieved the earliest recovery, since it was above intake, although adapted to energy requirements, could not
that recommended by WHO for healthy sedentary elderly improve nutritional status in undernourished patients. In
women (T95MJ/d (1900kcal/d) or 134kJ/kg per d contrast, an inadequate energy intake for normally nour-
(32kcallkg per d) World Health Organization, 1986). ished patients was associated with a longer rehabilitation
Nutrient requirements were also met for undernourished period and a trend toward an altered anthropometric course.
patients from group llI; however, the benefit in terms of Finally, the inflammatory syndrome was associated with
nutritional and biochemical course was not apparent by modifications in thyroid hormone metabolism. Our findings
day 60. In contrast, spontaneous oral intake by the normally may lead to a better understanding of energy metabolism in
nourished patients from group Il (112kJ/kg per d) was stressed elderly patients and may provide a rational basis for
initially insufficient; furthermore they showed increased an appropriate nutritional intervention in these patients.
BMR values. Intake increased non-significantly throughout
the study but was still below the recommended value for
half the group by day 60. This might have contributed to References
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