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Abstract
Objective—Higher post-absorptive post-heparin plasma lipoprotein lipase (LPL) activity has been
reported in African Americans as compared to non-Hispanic whites but differences in tissue-specific
LPL activity are unclear.

Methods and Procedures—Post-absorptive skeletal muscle (SM)-LPL (vastus lateralis) and
subcutaneous abdominal adipose tissue (AT)-LPL activity was measured in overweight, sedentary
African American females (n = 11) as well as in their non-Hispanic white counterparts (n = 6) during
a period of controlled low fat (30%) diet (for 10 days) combined with physical activity (for days 8–
10). Post-absorptive substrate utilization was measured on day 10; fasting blood levels and SM and
AT biopsies were obtained on day 11.

Results—African Americans had significantly greater post-absorptive SM-LPL activity (P = 0.04)
when compared to non-Hispanic whites. There were no significant differences in post-absorptive
AT-LPL activity, free fatty acids, and systemic fat oxidation or respiratory quotient between African
American and white non-Hispanic women in this study (P > 0.2 for all).

Discussion—During a controlled low fat (30%) diet post-absorptive vastus lateralis SM-LPL
activity is higher in sedentary pre-menopausal African American as compared to non-Hispanic white
women.

We have shown that, healthy pre-menopausal African American women have higher amounts
of intermuscular adipose tissue (AT) (1) and are more insulin resistant and metabolically
inflexible than their non-Hispanic White white counterparts (2,3). In addition, we (and others)
have reported lower circulating triglyceride (TG) levels in African Americans compared to
non-Hispanic whites, despite higher insulin resistance (4–6). Therefore differences in substrate
partitioning may exist in African Americans compared to non-Hispanic whites (3,5,6).
Lipoprotein lipase (LPL) is an enzyme that hydrolyzes circulating TG, delivering free fatty
acid (FFA) to peripheral tissues for utilization and storage (7). It is highly expressed in skeletal
muscle (SM) and AT, main TG clearance sites, and plays a key role in substrate partitioning
regulation (7). Higher post-absorptive post-heparin plasma LPL (PH-LPL) and higher fasting
subcutaneous AT-LPL mRNA and AT-LPL activity were reported in African Americans
compared to their non-Hispanic white counterparts (5,6,8–10). No studies have so far examined
if race differences exist in SM-LPL activity. We therefore compared heparin-releasable AT-
and SM-LPL activity in overweight, healthy pre-menopausal, African American and non-
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Hispanic white women during a period of controlled low fat (30%) diet and physical activity
since these factors highly influence LPL activity (7). Body composition and in vivo systemic
fat oxidation were also measured concomitantly.

METHODS AND PROCEDURES
Subjects

Eleven African American and six non-Hispanic white overweight (BMI >25 kg/m2), pre-
menopausal (age 25–45 years) women were studied. All subjects signed an approved consent
form (from the St. Luke’s-Roosevelt Institute for Health Sciences Institutional Review Board).

Study protocol
Study inclusion/exclusion criteria and protocol have been previously published (3). Briefly,
subjects were provided with a 7-day eucaloric low fat diet (30% fat, 55% carbohydrate, 15%
protein); dietary compliance was assured through weight measurements. From days 8 to 10
physical activity (supervised scheduled activities; i.e., riding a stationary ergometer, resting,
sitting, reading, and sleeping) and the eucaloric diet were controlled at the General Clinical
Research Center. On day 10, post-absorptive substrate utilization and fasting plasma glucose,
insulin and FFAs were measured as described (3).

SM and AT biopsies
Percutaneous biopsies, of vastus lateralis muscles and subcutaneous abdominal AT, were
performed in the fasting state on day 11 under 2% lidocaine anesthetic (Elkins-Sinn, Cherry
Hill, NJ). Muscle biopsies were done using a #5 or #6 Bergstrom needle. All visible fat was
quickly and carefully removed, the tissue was minced, weighed and frozen within 30 min. AT
biopsies were done using a blunt-ended needle designed for liposuction (3-mm Spirotri
cannula; Unitech Instruments, Fountain Valley, CA). An aliquot of AT was rinsed with saline,
weighed and immediately frozen.

AT- and SM-LPL assay
AT- and SM-LPL activities were measured as reported (11) in duplicate samples weighing
between 30 and 35 mg each. One LPL activity unit was defined as the release of 1 μmol FFA
in 1 h. Two assays, each including African American and non-Hispanic white samples were
performed at different times for SM-LPL activity with different concentrated substrates
prepared as described (11) (assay 1, n = 10; assay 2, n= 7). Adipose cell size was measured as
described (12).

Body composition
Fat mass and fat-free mass were determined using dual-energy X-ray absorptiometry and SM
volume, total and compartmental AT volumes (as liters and percents) were measured using
whole body magnetic resonance imaging (2).

Indirect calorimetry calculations
Post-absorptive fat oxidation and non-protein respiratory quotient were calculated as described
(3).

Statistics
t-Tests were used to determine significant differences between African Americans and non-
Hispanic whites. Since there was a large range of values for the two different SM-LPL activity
assays (assay 1, n = 10; assay 2, n = 7) a nested analysis of variance was used. No significant
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interactions were observed and results were pooled. The significance level was defined as α =
0.05 for all analyses. Statistica v.6.0 (Statsoft, Tulsa, OK) was used for all analyses.

RESULTS
Subjects’ characteristics and body composition are shown in Table 1. African Americans had
significantly greater SM volume compared to non-Hispanic whites (P < 0.01), even after
adjusting for weight and height and higher inter-muscular adipose tissue as a percent of total
AT (%IMAT) (P < 0.05), consistent with previous reports from our laboratory; none of the
other dual-energy X-ray absorptiometry or magnetic resonance imaging measurements were
statistically significantly different in African Americans vs. non-Hispanic whites in this study.

SM-LPL activity was significantly higher in African Americans compared to non-Hispanic
whites (0.71 ± 0.12 vs. 0.22 ± 0.16 μmol FFA/h/g, P = 0.04, Figure 1a). The differences in
AT-LPL activity (1.37 ± 0.21 vs. 0.98 ± 0.12 μmol FFA/h/g, P = 0.2, Figure 1b) or AT cell
size (0.63 ± 0.15 vs. 0.66 ± 0.21 μg P= 0.7) were not significant.

Additionally, there were no significant differences in fasting insulin (144.9 ± 59.6 vs. 118.6 ±
42.7 pmol/l, P = 0.4), fasting FFA (0.57 ± 0.26 vs. 0.63 ± 0.15 mmol/l, P = 0.7), or fasting
glucose (5.4 ± 0.9 vs. 5.2 ± 0.6 mmol/l, P = 0.5) for African Americans vs. non-Hispanic whites
nor were there significant differences in post-absorptive substrate utilization (fat oxidation,
176.5 ± 105.8 vs. 207.1 ± 96.8 μmol/min, P = 0.6; non-protein respiratory quotient, 0.84 ± 0.08
vs. 0.82 ± 0.07, P = 0.6).

DISCUSSION
We found significantly greater SM-LPL activity in overweight, sedentary, healthy, pre-
menopausal African American women as compared to their counterparts among non-Hispanic
white women, during a period of controlled, weight maintainance, low fat (30%) diet and
controlled physical activity conditions. Simultaneously, the subcutaneous abdominal AT-LPL
activity was not significantly different, nor were there significant differences in systemic
substrate utilization (systemic RQ) between groups. The African American women in this study
had higher SM volume and a higher distribution of AT within the intermuscular space rather
than in subcutaneous or visceral depots, similar to previous cohorts about whom we have
reported (1–3).

Circulating fatty acids provided to SM can be oxidized or stored as TGs; in general, increased
SM-LPL activity has been related to increased systemic utilization of fat in humans (7,13) but
some animal model studies have demonstrated that SM-LPL overexpression results also in
increased deposition of lipids inside the myocytes (14,15). Our current finding suggests that
under the conditions studied, African American women may take up more fatty acids into their
muscle, but not utilize them by means of oxidation, thus favoring intramuscular storage.

Our finding is novel; however, since this is the first study to report on a higher SM-LPL in
African American women compared to non-Hispanic whites, the limitations of this study
include (i) a lack of measurements of intra vs. extra-myocellular lipids, thus being unable to
determine whether the increased SM-LPL may be contributing to intra-myocellular lipid
accumulation and thus directly to increased insulin resistance; (ii) measurements of only
systemic substrate utilization, thus being unable to dismiss the possibility that differences exist
in tissue-specific fat oxidation (i.e., less in liver and more in SM); (iii) a small sample size,
which may have precluded the ability to detect significant differences in AT-LPL activity.
Indeed since the overweight state is associated with higher AT-LPL activity, differences due
to race may have been blunted. Power analysis showed that while our sample size was adequate
to find differences in SM-LPL given the effect size (β = 0.8 for a difference of 0.5 with a s.d.
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of 0.14), the ability to detect observed differences in AT-LPL with the same number of subjects
was only 50%. The strengths of our study included carefully selected subjects comparable to
those in our previously published studies and very carefully controlled diet and exercise
conditions, factors that are known to highly influence the SM-LPL activity.

Finally, our data suggests that, at least partly, the higher PH-LPL activity reported by others
among African Americans may also be due to higher SM-LPL activity. In our study the TG
measured during the subjects’ normal diet (not during the intervention) was not significantly
different in African Americans compared to non-Hispanic whites (P = 0.20); therefore, the
contribution of higher SM-LPL activity towards lowering the TG in African Americans needs
to be confirmed in a future study.

In summary, during a controlled 30%-fat diet and physical activity, healthy pre-menopausal
African American women with higher percentage of intermuscular adipose tissue had higher
post-absorptive SM-LPL activity than did their non-Hispanic white counterparts. The
relationship of this finding to the insulin resistance and lower TG in African Americans needs
further study.
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Figure 1.
Differences in (a) SM-LPL activity and (b) AT-LPL activity between African Americans and
non-Hispanic whites following a 10-day 30%-fat diet (P = 0.04 and P = 0.20, respectively).
AT, adipose tissue; LPL, lipoprotein lipase; SM, skeletal muscle.
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Table 1
Subject characteristics

Mean ± s.d. African American (n = 11) Non-Hispanic white (n = 6)

Age (years) 37 ± 7 37 ± 7

BMI (kg/m2) 33.9 ± 3.9 35.8 ± 9.5

Fat mass (kg) 41.2 ± 8.7 44.3 ± 12.9

Fat-free mass (kg) 51.3 ± 7.3 49.8 ± 6.5

Skeletal muscle (l) 25.2 ± 2.6* 21.1 ± 1.7

Subcutaneous adipose tissue (l) 41.0 ± 6.5 45.8 ± 15.9

Visceral adipose tissue (l) 2.3 ± 0.9 3.5 ± 2.1

Intermuscular adipose tissue (l) 1.8 ± 0.3 1.7 ± 0.7

Subcutaneous adipose tissue (%)a 91.0 ± 3.6 90.5 ± 2.0

Visceral adipose tissue (%)a 5.3 ± 2.1 6.5 ± 1.6

Intermuscular adipose tissue (%)*,a 4.2 ± 0.7* 3.4 ± 0.3

*
P < 0.05 for African American vs. non-Hispanic white.

a
Percentage was calculated for each depot from total adipose tissue.
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